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To Diane, 
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CHAPTER 1 
INTRODUCTION 
The purpose of this research was to develop an unstructured interview protocol and 
accompanying scoring procedure, the Story-Telling Task (STT), for assessing deficits in 
cognitive executive fimction (EF) in patients with closed head injuries (CHI). Lezak (1995) 
has recommended several procedures with high potential for demonstrating the deficient self-
regulatory processes in patients with presumed fi'ontal lobe dysfunction due to closed head 
injury. Consistent with Lezak's suggestions, this study developed and assessed the 
psychometric properties and clinical utility of a story-telling task for assessment of a head 
injured patient's ability to spontaneously generate propositional thought. The story-telling 
task was designed as a verbal counterpart to the established performance based measure of 
executive function (EF), the Tinkertoy test, and was undertaken to provide an additional 
objective measure of EF, a domain in which there is a paucity of measures. The challenge of 
assessing EF is most apparent when a head injured individual who is too impaired to find or 
maintain employment is rejected for workers compensation or other benefits because his or 
her problems in EF have not been adequately documented (Lezak, 1993). 
Closed Head Injury 
Closed head injury (CHI), and its related sequelae, has been a topic of increasing 
research interest in recent years. The interest is in part due to the large number of individuals 
that currently survive major craniocerebral trauma due to advances in emergency room 
medicine and traumatology. Levin, Benton, and Grossman (1982) reported that there had 
been a 60 to 70 percent mortality in cases of "^severe" ck>sed head injury during the first 
quarter of the 20th century. Currently however, individuals sustaining a closed head injury of 
a "severe" nature have a 30 to SO percent chance of dying in the acute phase of the injury. 
It should be noted that CHI and traumatic brain injury (TBI) are both terms used to 
describe types of injury to the brain. Of the two terms, TBI is the broader including 
penetrating injuries/wounds, whereas CHI refers to injures where the cranium is left intact. In 
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the literature TBI is an inclusive term subsuming both CHI and those injuries with actual 
penetration of brain tissue. 
Disorders related to traumatic injuries to the brain are more common than any other 
neurological disease, with the sole exception of headaches (Kurtzke, 1984). A conservative 
incidence estimate of TBI in the United States is more than 2 million people per year. Kraus 
and Sorenson (1994) state that of the 2 million yearly cases of TBI, 300,000 of the victims 
will require hospitalization, and over 80,000 are afflicted with the chronic sequelae of such 
injuries. However, not all head injuries cause brain injury or long lasting impairment. It is has 
been estimated that 82% of head injured cases seen for medical care in hospitals are "mild" 
and result in no brain injury per se or very mild brain injury Kraus et al. (1984). Estimates of 
the incidence of mild TBl/CHI vary from 325,000 to 375,000 per year (Malec, 1999) to over 
2 million per year (National Head Injury Foundation, 1993). Mild head injuries, especially 
those that do not resuh in a loss of consciousness, often do not result in hospital admissions. 
Accurate systems for tracking and developing reliable incidence estimates for mild CHI do not 
currently exist (Malec. 1999). The accepted definition of a mild closed head injury is still a 
matter of some debate. One commonly accepted definition of mild CHI is a Glasgow Coma 
Scale (GCS) (see Appendix A) score of 13 to 15 (Teasdale & Jennett, 1974), a loss of 
consciousness of 20 minutes or less, and hospitalization for less than 48 hours. Mild CHI has 
also been defined by the absence of focal findings when a GCS score of 13-15 has been given 
(Uzzell, 1999). The Interdisciplinary Special Interest Group of the American Congress of 
Rehabilitation Medicine (1993) defines mild head injury as at least one of the following: (A) 
any period of loss of consck)usness; (B) any loss of memory for events immediatel}' before or 
after the accident; (C) any alternation in mental state at the time of the accident (e.g. feeling 
dazed, disoriented, confused); and (D) focal neurological deficit(s) that may or may not be 
transient but where the severity of the injury does not exceed: (A) loss of consciousness of 30 
minutes; (B) after 30 minutes an initial GCS score of 13-15; and (C) post-traumatic anmesia 
not greater than 24 hours. 
Motor vehicle accidents are the most common cause of TBI and account for 
approximately one-half of traumatic brain injures. Other common causes based on 
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epidemiological studies are: &lls (21%), assaults and violence (12%), and accidents associated 
with sports and recreation (10%) (U.S. Department of Health and Human Services, 1989 
cited in Kraus and Sorenson, 1994, Johnson, 1989). Causes of brain injury vary according to 
the culture (McDonald, Togher, and Code, 1999). Reviews have noted that there is a high 
incidence of brain injury related to violeiKe and falls in the Bronx New York (Cooper et al., 
1983) and as a result of bicycle accidents in China (Wang et al., 1986). MUd TBI including 
mild CHI, comprises most of the head injuries which occur in the United States and other 
industrialized nations of the world, and is usually the result of motor vehicle accidents (Kraus 
&Nouijah, 1989). 
The factors associated with increased risk for TBI/CHI include gender, (males at all 
ages and especially in the age range of 15 to 30 years are at highest risk), relatively lower 
socioeconomic class, a history of prior head injury, alcohol abuse, and divorce (Levin et al., 
1982, Kraus & Nouijah, 1989, Kraus & Sorenson, 1994). Moreover, alcohol use is common 
in head injuries, and a positive blood alcohol concentration was found in 56% of one sample 
of victims (Kraus & Sorenson, 1994). 
The economic cost of head injury is staggering. An estimated $37.8 billion per year is 
required for the United States to treat 328,000 survivors of TBI (Max, MacKenzie, and Rice, 
1991). The average lifetime cost of medical treatment for one case of TBI ranges from 
$77,000 to $93,000 dollars for minor, moderate, and severe brain injury. As the victims of 
head injury are usually young adults, they may need extended rehabilitation services. The 
lifetime cost of a very severe, non&tal, brain injury was estimated to be approximately 
$325,000 (Max etal. 1991). 
Indirect costs of head injury must also be considered and include lost wages secondary 
to the restricted productivity of the patient, as well as the cost to &mily and friends involved 
in patient care (Johnson, 1989). The economic cost represents only a portion of the impact of 
head injury. The psychological and social disability following TBI and CHI can be 
overwhelming to the patient and their family. Studies which examine psychosocial 
functioning and adjustment at 1 month, 2 years, and 7 years after severe bram injury have 
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shown that patients have difSculty in numerous and essential areas of functioning such as 
work, school interpersonal, and family relationships (Crawford, 1983). 
Anatomy of CHI 
There are several ways in which brain tissue can be damaged during TBI or CHI. 
Direct impact or "coup" injuries way occur with or without skull fracture. Courville (1945), 
when examining the neuroanatomical sites of contusions, found that most injuries were in the 
basal and polar portions of the temporal and frontal lobes. Many lesions are the result of the 
location of the bony protuberances of the anterior and middle fossae that surround the orbital, 
frontal, and temporal brain areas (McDonald et aL, 1999). In clinical settings this area of the 
skull is sometimes referred to as the "dashboard of the brain" (Vamey, 1999). Contrecoup 
injuries are contusions on the side of the brain opposite the primary impact. Contrecoup 
lesions are caused by the abrupt pressure changes in the areas opposite to the impact (Cassidy, 
1994). 
Levin et al. (1982) state that diffuse brain injures are a 'inore inqjortant determinant of 
the quality of recovery than the presence of a focal brain lesion" (p. 12). Difiuse axonal 
injuries are the result of mechankal or chemical damage to the axons in cerebral white matter. 
The fibers which make up the white matter of the cerebrum are rotated and stretched from the 
force of the injury resulting in diffuse axonal damage (McDonald et al., 1999). This type of 
injury often occurs during acceleration or deceleration accidents and the axon is injured when 
there is twisting and turning of the brain around the brain stem (e.g. during whiplash car 
accidents). The areas of the brain most vulnerable to this type of injury are: the reticular 
formation, superior cerebellar peduncles, regions of the basal ganglia, hypothalamus, limbic 
fomices, and the corpus callosimi (Cassidy, 1994). After impact, diffuse axonal injury 
frequently causes a sudden loss of consciousness. Brain hemorrhage, hematomas, diffuse 
swelling, abrasion of the orbital frontal cortex, and increased intracranial pressure are also 
common complications. When CHI occurs without diffuse axonal injury, there is a 
correspondingly lower rate of skull fractures, contusk)ns, and intracranial hematomas (Adams, 
Graham, Murray, and Scott 1982). 
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Behavioral Changes Resulting From Closed Head Injury 
Changes in nootivation, initiative, emotional processing, and personality can result from 
damage to a wide varkty of cortical areas inflicted by "coup", contrecoup, or axonal injuries. 
However, the frontal lobes are most often implicated. Specifically, EF impairment is usually 
associated with damage to the prefrontal, especially the orbital or medial structures in the 
frontal lobes from vascular disorders, tumors, and traumatic injury (Damasio, 1979; Hecaen 
and Albert, 1978; Luria, 1966; 1973; Seron, 1978). However, to use the terms EF 
impairment and frontal/prefrontal lobe damage as if they were synonymous is overly simplistic. 
The EFs are also sensitive to damage in other areas of the brain, possibly due to subcortical 
damage (Lezak, 1983). Some EF impairment can result from anoxia which affects the limbic 
structtires (Falicki and Sep-Kowalik, 1969; Jefferson, 1976; Lezak, 1983; Muramoto. Kuru, 
Sugishita, and Toyokura, 1979) and as a result of inhaling organic solvents (Arlien-Soborg 
1992; Lezak, 1983, Tsushima and Towne, 1977). KorsakofTs syndrome involves lesions in 
the thakunic nuclei and other subcortical parts of the limbic system, and Korsakoff's patients 
have profound EF related difBculties with apathy and inertia (Lezak, 1983). Parkinson's 
patients also will frequently display diminished conceptual flexibility and impaired 
initiative/spontaneity (Bowen, 1976; Albert, 1978; Lezak, 1983). Perhaps most striking are 
patients with impaired right hemisphere function. While such patients present well and "talk a 
good game", they are unable to effectively follow through with intended behavior because of 
difBcuhies in organization (Lezak, 1995). In cases of CHI, more diffuse and initially less 
traimiatic injury without loss of consciousness can lead to EF impairments (Vamey and 
Menefee, 1993). In general, deficits in EF are common after a closed head injury particularly 
when the CHI is the result of a motor vehicle accident (Lezak, 1993). 
A great deal of emphasis has been placed on the vark>us intellectual and memory 
deficits associated with TBI and CHI. Post-traumatic alterations in personality, motivation, 
initiative, affective processing, and planning ability also frequently occur, but are much more 
difBcuh to document. 
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CHAPTER2 
LITERATURE REVIEW 
The History of Executive Function 
The concept of executive function is not new, although the term is. In 1868 Harlow 
(cited in Daniasio, 1994) wrote about his patient, Phineas Gage, a railroad track construction 
foreman who sustained a brain injury when a large tapping iron (a pointed and tapered three 
foot and seven inch iron rod used to tap sand down over explosive powder/fuse) was shot 
through his left cheek. The tapping iron pierced the base of his skull, traversed the front of his 
brain and exited at the top of his head. After the explosion, the iron landed more than a 
hundred feet away (Damasio, 1994). Gage was briefly unconscious and then, with the 
assistance of others, was able to walk to and from the cart which transported him to a hotel 
where he received medical attention. Phineas Gage was considered ''cured" (Damasio, 1994, 
p. 7) less than two months following the accident which is quite remarkable given the size of 
the rod, the severity of his head wound, and his subsequent infections. 
Following the accident, however. Gage experienced persistent and marked personality 
changes that left him unable to return to his job as a foreman. Prior to the accident Gage was 
described as 'the most efBcient and capable" man in their (Rutland and Burlington Railroad) 
employ (Harlow, 1868, cited in E)emasio, 1994 p. 4). Following the injury Gage was said to 
be "fitful irreverent, indulging at times in the grossest pro&nity which was not previously his 
custom, manifesting but little deference for his fellows,...devising many plans of future 
operations, which are no sooner arranged than they are abandoned in turn for others 
appearing more feasible" (Coleman, 1%2, p. 469, Damasio, 1994, p. 8). The personality 
change from "temperate" to "obstinate" and "capricious" was so dramatic that Gage's friends 
reported being hardly able to recognize him (Damasio, 1994). Gage never worked as a 
foreman again. Instead, he traveled working briefly as a laborer at numerous jobs and as a 
circus attractk>n before he would quit or be let go. In 1861, while dependent upon living with 
his mother and sister. Gage died after a brief illness led to what Damasio (1994) believes was 
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status epilepticus- "repeated seizures without periods of consciousness between them" which 
can lead to death (Loring, 1999, p. ISO). 
The clinical case history of Phineas Gage is important because it demonstrated a fact 
which was novel at the time ".. .that something in the brain was concerned specifically with 
unique human properties, among them the ability to anticipate the future and plan accordingly 
within a complex social environment: the sense of responsibility toward the self and others: 
and the ability to orchestrate one's survival deliberately, at the command of one's &ee will" 
(Damasio, 1994, p.l 1). Another important element of Phineas Gage's story, which has also 
been observed in other patients with similar brain damage, is the dissociation between 
character and attention, perception, memory, language, and intelligence. Furthermore, 
decision making by such patients is "minimally influenced by old knowledge" (Damasio, 1994, 
p. 11). 
Kurt Goldstein, a neurologist, is credited as being an innovator in the field of brain 
injury rehabilitation following his work with head injured victims of World War I (Boake, 
1991). Goldstein (1939) initiated the term "catastrophic reaction" to describe the emotional 
problems experienced by patients with brain injury. A catastrophic reaction was defined by 
Goldstein (1939) as a reactive anxiety state that resulted when a brain injured person 
attempted a task beyond his or her capabilities. In general, a catastrophic reaction was an 
emotbnal reaction which was out of proportion to the precipitating stimulus. Goldstein 
(1939) asserted that it was not the failure per se that mattered to the patient, but rather what 
the Mure meant to them. Goldstein stated that "for the normal person, &ilure in the 
performance of a non-important task would be something merely disagreeable; for the brain 
injured person.... it means the in^xjssibility of self-realization and of existence" (1952, p. 
256). The catastrophic reaction was also viewed as a stimulus for a variety of maladaptive 
defense mechanisms. Defense mechanisms such as social withdrawal and/or restricting social 
contact to fiimily or close friends, compulsive tkliness, rigidity, and an inability to tolerate a 
change in routine were viewed as responses to catastrophic reactions. These defense 
mechanisms provide an early description of what are now termed defects in executive function 
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(EF). The defensive mechanisms arise, according to Goldstein (1952), from an impairment in 
the "abstract attitude" (p. 248). 
It is easiest to define the "abstract attitude" as a contrast to the "concrete attitude". 
"With the concrete attitude our thinking and acting are determined by the immediate claims 
made by the.... object or situation." (Goldstein, 1935, p. 248). A concrete attitude is 
demonstrated when one turns on a light in a dark room. The abstract attitude is demonstrated 
when the consequences of a behavior are considered prior to acting. For example, if one 
reflects that by turning on a light another person might be awakened or disturbed, and then 
decides not to turn on the light. Both the abstract and the concrete attitude are ways in which 
an individual approaches their world. The brain injured patient demonstrates an intact 
concrete attitude by performing well on tasks where the appropriate response is determined 
directly by the stimuli. Conversely, impaired abstract attitude is evident when a patient is 
unable to demonstrate the use of an object outside of a concrete/determined situation. 
The abstract attitude was seen by Goldstein as similar to John Hughlings Jackson's 
notion of prepositional symbolic thought. Jackson, a British neurologist 1835 - 1911, who is 
referred to as the "father of English neurology" (Critchley & Critchley, 1998), introduced the 
concept of propositional thought/language. Jackson, who worked extensively with aphasics, 
used the construct of propositional thought to distinguish mere speaking from true speech in 
which relationships are expressed through symbolic language. Jackson believed that aphasic 
patients demonstrated an "expression of a disintegration of the brain matter; expressions of a 
lowering of the function of the brain to a level where automatic and emotional reactions still 
are possible, while the highest function, the propositional symbolic fimction, is more or less 
lost" (Critchley & Critchley, 1998, p. 137). Currently the INS Dictionary of 
Neuropsychology (Loring, 1999, p. 132) defines propositional language as a "means of 
linguistic exchange that substitutes articulated sounds, gestures, or marks for objects, persons, 
and concepts so that novel relationships can be expressed. It must be learned and thus is 
subject to all the modifying social and cultural influences of the environment". Thus, for 
Jackson and for current definitions the crucial elements of propositional thought are the 
abilities to abstract, associate, organize, synthesize, and plan. If the abstract attitude or 
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propositional thought is selectively inqjaired the result is a "lowering the functions of the brain 
to a level where automatic and emotional reactions are still possible, while the highest 
function... is more or less lost" (Goldstein, 1939, p. 772). 
To illustrate this concept, Goldstein (1952) gave the example of "a patient being able 
to recognize pictures of single objects, but with pictures that represent a composition of a 
number of things and persons, he may pick out some details; but is unable to understand the 
picture as a whole and is unable to respond to the whole. The patient's understanding of the 
picture.... depends on whether the components hang together concretely and are ^miliar to 
him.... or whether an understanding of their connection requires a more abstract synthesis. If 
the pictiure does not reveal its essence directly, by bringing the patient into the situation it 
represents, the patient is not able to understand it" (p. 249). 
A study of the planning and script analysis of patients with prefrontal lobe lesions 
(Sirigu, Zalla, PiUon, Grafinan, Bubois, and Agid, 1995) has suggested that the prefrontal 
regions of the cerebral conex play a critical role in the planning and organizing of behavior, 
specifically in processing knowledge used in planning sequences or, in other words, 
propositional thought. The authors stress that the ability to plan and organize is "likely to be 
crucial in everyday life.... where plans need to be elaborated, initiated, and coordinated" (p. 
287). 
Psvchosocial Outcomes of Patients With Ctosed Head Iniurv 
Goldstein's focus on the psychiatric and emotional aspects of brain damage led to 
research on the psychosocial outcomes of brain injured patients. In an early and classic 
article, Hebb (1942) described a young male patient with substantial frx)ntal lobe damage. The 
young man exhibited a good memory, and scored in the average range on a variety of 
cognitive tests, but his primary problem was "inactivity, and apparent willingness to do 
nothing for rather long periods" (p. 278). Fahy, Irving, and Millac (1967) conducted 
neurological and psychiatric examinations on severely head injured patients sbc years post 
injury. Of the 23 patiems who were employed at the time of their injury, 11 (48%) had 
reduced income because of their disabilities, or were completely unable to return to work. 
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Psychiatric abnormalities (i.e., symptoms that would currently be regarded as neurological 
deficits) were cited as being "prominent in causes of impaired work capacity" (p. 476). 
Bruckner and Randle (1972) found that psychological symptoms were the most 
important &ctors in determining the ability to return to work. In their 1972 study, they found 
that impaired initiative was present in 11 of23 (48%) of unemployable patients, but present in 
only 1 of the employed group. Inspection of their data by Bayless (1986) revealed that 
"impairment in initiative" discriminated between the employed versus the unemployed better 
than inteUectual or memory impairment. 
Lishman (1973) reviewed the psychiatric symptoms of head injury and concluded that 
frontal lobe damage results in behavioral effects that are difBcult to quantify, or to 
demonstrate objectively, but include: "lack of foresight, tact, and concern, as well as inability 
to plan ahead or judge the consequences of actions" (p. 311). Lishman (1973), like Hebb 
(1942), noted that the deficits could occur independently of intellectual or memory deficits. 
More recently Eslinger and Damasio (198S, p. 1731), writing about an individual with fi-ontal 
lobe damage, noted that "the central finding was the dissociation between intact cognitive 
abilities as measured by standardized tests, and the poor utilization of these abilities in the real 
environment". In 1984, Stuss and Benson asserted that such dissociation of neurological 
deficits included the separation of intellect finm motivation, or perhaps judgment. In their 
1984 review article about fi-ontal lobe fiinction, they concluded that lesions in the prefi'ontal 
cortex may result in: (1) the separation of action from knowledge (knowing what to do, but 
not being able to carry it out); 
(2) impairments in the organization of behaviors into sequence; (3) difBcuhies in chaining 
mental sets in the face of ahered environmental demands; and (4) an inability to monitor 
behavior. Damasio (1979), writing about patients with orbital frontal damage, stated that the 
deficits suggested the absence of a "master plan", with inadequate attention to "stimuli 
producii^ actk}n or nonaction" and problems in carrying out decisions as planned. 
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The Term "Executive Function** 
The term executive fimction(s) (EF) was developed and used by Lezak in 1982 to 
describe the psychological process involved with the formation of goals, planning of actions, 
and the carrying out of such plans "...those capacities that enable a person to engage in 
independent, purposive, self-serving behavior successfully" (p.281). Lezak (1982) 
conceptualized EFs as having four components: volition, planning, purposive action, and 
effective performance. Lezak also wanted to draw attention to the executive functions as 
critically important, but often overlooked when treating persons with brain injury. 
More recently. Hart, Schwartz, and Mayer (1999) have defined EE's as neurocognitive 
operations that underlie purposeful or goal directed behavior as it unfolds in time. Hart et al. 
(1999) stressed that there are three important components to EF: 
(1) the formation of goals or end states which guide or direct behavior; (2) the temporal 
organization of behavior needed to achieve such goals; (3) and the necessary flexibility of 
behavior that is complex and purposiveflil (i.e. the ability to shift or change plans to &cilitate 
obtaining one's goals). 
Assessment of Executive Function 
Executive dysfunction, a disruption or impairment of EF, is characterized by clusters 
of deficiencies, one or two such as perseveration, inertia, or a lack of planning which may be 
particularly apparent. However, the signs and symptoms of executive dysflmction are not 
easily quantified. The tasks which best assess the construct of EF are tests of planning and/or 
open-ended tests that permit the patient to decide when the task is completed. Assessing EF 
is di£5cuk because of the dichotomy inherent in wanting a patient to engage in the initiation, 
planning, and structuring of complex tasks during a formal psychological evaluation where the 
examiner determines when, where, and how assessment tasks are to be accomplished (Lezak, 
1982). Put another way, with traditional cognitive tasks that form the bulk of currently 
accepted neuropsychological evaluation, the examiner provides a high degree of structure and 
the patient is not &ced with much "executive" responsibility. The patient simply has to do 
what he or she is toM and respond to questions for which there are known correct answers. 
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Lezak (1982) and Damasio (1993) both note a lack of objective assessment measures 
of EF. The lack of assessment tools may be related to the basic differences between EF and 
cognitive functions as described by Lezak (1982). Specifically, cognitive assessment is 
concerned with the amount of ability a person demonstrates while performing a task. EFs, on 
the other hand, deal with the way a task is performed or whether the task is performed at all. 
The EFs tend to be supramodal, affecting all cognitive abilities and behavior. The system of 
EF can break down anywhere during the sequence of behaviors that make up planned or 
intentional behavior (Lezak, 1983). Finally, the signs and symptoms of impairment in EF are 
not easily quantified, and the high degree of structure present in a neuropsychological 
examination interferes with the measurement of EF. Most cognitive tests permit little 
discretionary behavior despite the &ct they are believed to be sensitive to EF or frontal lobe 
disorders (Frederiksen, 1986, Lezak 199S, Shallice and Burgess, 1991). Cognitive tasks used 
as part of a neuropsychological assessment are presented with standardized stimuli and are 
administered in a prescribed sequence. By contrast, assessment of EF may be most optimally 
accon^)lished by unstructured activities and techniques which require the patient to 
demonstrate initiative, abstraction, and planning (in other words, propositional thought). 
Another complicating &ctor is that patients with anterior and orbital frontal injuries often 
perform normally on a wide variety of neuropsychological tests (Lezak, 1995, Stuss and 
Benson, 1984,1986) yet no longer behave normaUy in real life (Damasio and Anderson, 
1993). The challenge of assessing EF is most evident and fiiistrating when a patient who is 
too impaired to maintain or find employment is rejected for workers compensation or other 
benefits because their problems have not been adequately docimiented (Lezak, 1993). 
The assessment of EF is usually achieved by administering a battery of tasks, the 
choice of which is affected by the examiners training and expertise. Tasks normally used to 
assess frontal brain and EF problems include: the Halstead-Reitan battery (Halstead, 1947), 
Wisconsin C^d Sorting Test (Berg, 1948), Category Test (Halstead, 1947), Controlled Oral 
Word Association Test (Benton, 1968a), Design Fluency Test (Jones-Gotman and Mitoer, 
1977), Ruff Figural Fluency Test (Ruff, 1988), Austin Maze Test (Walsh, 1978), Porteus 
Maze Test (Porteus, 1959,1965), Thurston Word Fluency Test (Thurston and Thurston, 
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1962), Tinker Toy Test (Lezak, 1981), Stroop Test (Stroop, 1935), Trail Making Tests 
(Army Individual Test Battery, 1944), Rey Complex Figure (Rey,1941 cited in Lezak, 1983), 
and various motor tests such as the Finger Tapping Test (R. Lewis and Kupke, 1977, cited in 
Lezak, 1993), Purdue Pegboard Test (Purdue Research Foundation, 1948), and the Grooved 
Pegboard Test (Matthews and Klove,1964). With a few exceptions, these tasks are " clinician 
administered" to a patient in a standardized manner, and there is one correct solution or most 
desirable answer to the task. Furthermore, none of these tasks have been proven to be 
specific measures of EF (Cripe, 1996, Bigler, 1988). 
The clinical understanding of the devastating effects of EF disorders more typically 
comes from observing the patient and the reports of significant others (Cripe, 1996, Martzke, 
Swan and Vamey, 1991). Extended observation may be the best method of assessing how a 
patient with a CHI goes about activities of daily living, and understanding how mental 
impairments affect their behavior. However, the time constraints of clinical settings preclude 
long periods of patient observation. Collateral interviews with persons fiuniliar with the CHI 
patient are an alternative to extended observation and are integral to the neuropsychological 
assessment process (Body and Parker, 1999, Lezak, 1995). These often reveal the paucity of 
planning abilities and judgment associated with impairment in EF. 
There are a few standard and innovative neuropsychological tasks which assess EF. 
The Tinkertoy Test (TTT), Controlled Oral Word Association Test (COWA), and Design 
Fluency (DF) make up a handilil of neuropsychological tests with flexible response formats. 
Following minimal instructions at the beginning of such tasks, the patient could conceivably 
generate a myriad of acceptable response alternatives. The imaginative and open ended nature 
of these tasks has proven to be useful in the assessment of EF (Lezak, 1982, Martzke, Swan, 
and Vamey, 1991). These three tasks require patients to generate sensible output when there 
are numerous correct solutions. In Hughling Jackson's terms, the tests require propositional 
thought. 
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Projective Testing in Head Injured Populations 
Projective testing approaches to assessment, while controversial in terms of validation, 
have been noted to be a potentially effective way of determining the ease and flexibility with 
which CHI patients sort, select, organize, and critically evaluate their own mental contents 
(Lezak,1982, 1995). However, "projective" paradigms developed for the evaluation of 
traditional psychotherapy clients or personality assessment are &r too lengthy to be cost 
effective for neurobehavioral assessment protocols. The idea of using a story-telling task with 
a flexible response strategy for assessing EF originated with Lezak (1995). She observed that 
when a patient tells a story in response to a picture, a fk)w of verbal behavior is elicited. The 
story can then be used to make inferences about the patient's ability to organize and maintain 
coherent and goal directed ideas (Lezak, 1995). 
Traditional projective test techniques provide an unstructured means of eliciting 
responses which may have relevance for assessing EF. For example a projective test such as 
the Thematic Apperception Test (TAT) (Murray, 1938) requires that an individual reveal his 
or her manner of organizing material and their reactions to it (Frank, 1939). Other classic 
projective techniques also permit a flexible response format. The Rorschach test, probably the 
best known of the projective tests, has been used by clinicians to discriminate the mentally ill 
from the organically damaged (Lezak, 1995). In a Rorschach "sign system" quantifiable 
aberrant responses or response tendencies typical of the organically brain damaged and rare in 
non-organic populations are noted. The differential frequency of occurrence of 
aberrant/atypical responses has been used as a means of differentiating brain damaged from 
non-brain damaged patients. However, it is important to acknowledge that no one "sign" in 
the protocol of a projective test necessarily implies organic damage to the brain. Conversely, 
it is possible for patients with organic dam^e to produce projective responses without any 
organic signs of impairment. 
One of the most widely used "sign systems" is that of Piotrowski (1937) (Lezak, 
1995, p. 775). The Rorschach organic signs klentified by Piotrowski (1937) which have 
relevance to a Story-Telling task of EF are: inqwtency, the patient recognition that a response 
is unsatis&ctoTv but neither withdraws the response or improves it; hesitancy and doubt 
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displayed by organic patients about their perceptions, and the repeated use of a pet expressk)n 
or phrase so that it may be considered an automatic phrase. Aita, Reitan, and Ruth (1947) 
and Baker (1956, cited in Lezak, 1995) have both described patient behavior during the 
Rorschach test which may suggest organic damage. Common to both the Aita et al. (1947) 
and Baker (1956, cited in Lezak, 1995) symptom lists are: inflexibility, concrete responses, 
catastrophic reactions, and covering part of the card. Lezak, also identified the projective 
response tendencies of CHI patients. According to Lezak (1976, 1995) the protocols of 
neurobgically impaired patients responding to Rorschach cards (Beck et al 1961) and 
Thematic Apperception Test Cards (TAT) (Murray, 1938) are characterized by constriction, 
stimulus-boundedness, structure-seeking, response rigidity, fragmentation, simplification, 
conceptual conilisicn, spatial disorientation, con&bulated responses, hesitancy, and doubt. 
Lezak observed that stories told by head injured patients in response to pictures (either TAT 
cards or randomly chosen magazine pictures) were likely to be sparse with few ideas. In 
addition, head injured patients appear more likely to (1) describe the picture, (2) make up a 
storv' with few characters and little action, and (3) use automatic repetition of phrases or 
words (Lezak, 1995). Although head injured patients rarely display all of these response 
characteristics, the accretion of these organic pathognomonic responses helps to identify 
patients with EF impairment. 
Purooge of this Study 
The purposes of this study were to: (1) develop a story-telling task (STT) protocol 
and response rating system for the assessment of EF, and (2) expk)re the clinical utility of the 
STT, a verbal analog of the Tinker Toy test (TTT) (Lezak, 1983). Story-telling has potential 
as an EF assessment technique because the CHI patient has to generate the text of a story with 
minimal directk>n and a relatively ambiguous stimulus input. More specifically, the STT 
protocol and ratii^ system was developed and tested as a possible way of assessing a head 
injured patient's ability to spontaneously generate propositional thought. 
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The specific questions addressed by this investigation are: 
1) Can a reliable, relatively unstructured, Story-Telling task (STT), a verbal measure 
of EF, be developed? 
2) Do patients with a history of closed head injury differ from normal controls on a 
Story-Telling task? 
3) To what extent are scores on the established tests of executive flmction (i.e. the 
Tinker Toy test, Design Fluency, COWA and the Story-Telling task) correlated? 
The Tinker Toy test and Design Fluency are performance based measures, whereas 
the COWA and the Story-Telling task are verbal measures. Design Fluency and 
COWA can also be classified as "fluency" tests, and the Tinker Toy and Story-
Telling tasks as tests of propositional thought. 
4) Does the Story-Telling task significantly add to the explained variance in aggregate 
executive flmction scores, beyond that obtained from a combination of scores from 
established neuropsychok>gical measures of the Tinkertoy Test (TTT) (Lezak, 
1983), Controlled Oral Word Association (COWA) (Spreen and Benton, 1977) 
and Design Fluency (DF) (Jones-Gottman and Milner, 1977, Jones-Gotman, 
1991)? 
Studv Deaign 
Since the purpose of this study was to develop a novel verbal approach to the 
assessment of EF and to assess and explore the measurement properties of the STT, as well as 
to assess its clinical utility, a two stage strategy was employed. Patients were randomly 
assigned to the two samples used in the investigation: an initial sample and a cross validation 
sanq)le. The STT responses from the first consecutive 20 subjects (initial sample) were rated 
by two VAMC Iowa City neuropsychok)gists involved in the development of the STT and 
rating fornu One Iowa City rater is a fellow in both the American Psychological Association 
and the National Academy of Neuroscience, and co-editor of a book on mikl TBI. The 
second rater is a board eligible neuropsychologist who has over 10 years of professkinal 
consulting to a brain trauma rehabilitatk)n unit and is also co-editor of a text on mild CHI. 
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To determine the minimum number of subjects necessary to carry out the two stages, a 
power analysis using the program 'Tower and Precision" was conducted after the initial 
sample of N = 20 (10 subjects and 10 controls) was collected and ratings on the stories had 
been performed. 
The power analyses pertinent to regression analysis with a sample size of 24 subjects, 
12 in each group, indicated a power of .75. In other words, the odds are 15 out of 100 that 
with a san:q>le size of 24, the increment in R square firom the addition of the STT rating to 
those aggregate predictors from a sum of the three tests (based on data from the initial sample 
and assuming the aggregate three predictors did not significantly explain any variance), would 
be statistically significant at the .05 level. The power analysis pertinent to a correlation study 
indicated that with an N of 24, the ability to detect a correlation between the STT and 
COWA, DF, and the TTT would be .81 at the .05 level of significance. The power analysis 
pertinent to a t-test of STT scores between CHI subjects and controls, indicated that with as 
few as 6 subjects (3 in each group), the ability to detect a mean difference between groups at a 
.05 alpha would be .51. 
Following the power analyses, data from a second set of subjects, 10 controls and 10 
with a history of CHI, was collected. Thus, the total sample consisted of 40 subjects (20 
controls and 20 CHI). Originally it was planned that the VAMC Iowa City psychologists 
involved in the development of the STT would also score the second set of data. It was 
decided, however, to assess the utility of the STT rating instrument by having two 
psychologists un&miliar with the study rate the second set of stories. The STT ratings for 
the second sample were performed by two psychologists employed by the VAMC-
Milwaukee. One Milwaukee rater is a neuropsychologist and the second has over 20 years of 
clinical experience in neuropsychok)gy. The second set of twenty subjects and the STT 
ratings provided by the VAMC-Milwaukee psychologists comprised the cross validatbn 
sample. 
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Date Analyses 
The data analytic strategy and sequence of analyses parallel the questions posed by the 
study. First, reliability analyses of the STT ratings were conducted to ascertain inter-rater 
agreement. These analyses used Kappa, coefficient alpha, intraclass correlation, and the 
reliability of Unear composite measures in evaluating the reliability of the measure. Second, t-
tests were conducted to ascertain if CHI subjects differed from normal controls on the STT. 
Third, partial correlations corrected for age, and bivariate, zero order correlations (Pearson's 
r) were computed to assess the degree to which the tests of EF (i,e. COW A, DF, TTT) and 
the STT were related. Fourth, analyses were conducted through the use of logistic regression 
to ascertain the degree to which predictors such as age, COWA, DF, TTT, and the STT 
contribute to the placement of subjects into one of two groups, control or CHI. Finally, the 
initial and cross validation samples were combined and descriptive analyses were used to 
explore the clinical utility of the STT. The correct prediction rate, subject or control, of each 
of the 3 established EF tests and the STT were determined. The partial correlations and 
bivariate zero order correlations between the EF tests and the STT were also determined for 
the combined samples. 
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CHAPTERS 
MATERIALS AND METHODS 
Human Study Review Committees 
A proposal for the Story-Telling Assessment of EF study was submitted sequentially 
to the Human Subject Committee at the University of Iowa and then to the comparable 
committee at Iowa State University. The approved protocols for both university Committees 
For Review of Research Involving Human Subjects are included in Appendix A. 
Selection of Subiects and Controb 
Consecutive male patients with a history of closed head injury who met study inclusion 
criteria and were undergoing neuropsychological evaluation during March 1998-August 1998 
at the Veterans Administration Medical Center (VAMC) Psychology Service, Iowa City, Iowa 
were asked to take an additional experimental test during their evaluation test battery. All the 
CHI patients who were approached agreed to participate in this study. Only one potential 
CHI subject failed to take the STT. This particular patient had all assessment testing 
discontinued after he began to weep uncontrollably during the testing session. 
The standard VAMC Iowa City battery included: the Wechsler Aduh Intelligence 
Scale-Revised, (WAIS-R), (Wechsler, 1981), Controlled Oral Word Association (COWA) 
using letters P, R, and W (Spreen and Benton, 1977), DF in the free condition, (Jones-
Gotman and Milner, 1977), and the Tinker Toy Test (TTT) (Lezak, 1983). Subject inchision 
criteria for participatwn in this study included a cbsed head injury with a period of 
unconsciousness and/or post-traumatk amnesia no greater than 30 minutes, or a documented 
neurok)gical disorder that resulted from a closed head injury. 
The study subjects were male veterans with a history of CHI. There were two reasons 
for restricting subjects to those with mikl to moderate CHI. First, the frontal lobe areas are 
often involved in ctosed cranial trauma, and it is well documented that impaired executive 
functk>ning is frequently associated with frontal lobe lesions. Second, it can be assumed that 
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damaged, there may be greater homogeneity in the sample. All CHI subjects had been 
medically released from the hospital or inpatient rehabilitation center for a period of at least 
one year (i.e., they were not assessed in the acute phase of the injury) and had no gross 
sensory or motor impairment. The presence of obvious causes of disability such as 
hemiparesis, blindness, or aphasic disorder were exclusion criteria. 
Control subjects were recruited from collaterals accompanying head injured patients, 
non-medical VA Medical Center staf[^ and volunteers. Control subject inclusion criteria 
included the absence of a history of neurological or psychiatric disease, absence of a history of 
head injury or trauma, and no more than 14 years of formal education. All subjects had the 
study explained to them and were asked to read and sign the Information Summary and 
Permission to Tape Record Interviews forms before participating (see Appendix A). 
Approximately one-third of the control subjects who were asked to participate agreed to be in 
the study. Many initially agreeable control subjects refused to participate when they learned 
an intelligence test was included in the neuropsychological assessment battery. 
The Test Batten' 
All subjects took the VAMC Iowa City battery of neuropsychological tests prevk)usly 
noted including the EF tests of TTT, DF, and COWA (see Appendix A). The WAIS-R, a 
standard clinical intelligence instrument, was administered to establish baseline intellectual 
levels. STT responses were recorded for subsequent rating by qualified psychologists from 
the VAMC Iowa City and the VAMC Milwaukee. Administratk>n and scorii^ of aUtest 
materials were done by the author under the supervisk)n of two Iowa City VAMC 
psychologists. The testing battery took 2-3 hours to administer. Test scores and 
demographic data were subsequently coded and entered into SPSS versk)n 8 by the 
investigator. Prior to discussing the STT in detail, a brief description/review of the established 
measures of EF used in this study is in order. 
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The Tinker Tov Test 
The Tinker Toy Test (TTT), a performance based constructional test developed by 
Lezak (1983), is unique in that the test is designed to transfer goal setting, structuring, and 
decision-making of the task from the clinician to the subject. The TTT has been demonstrated 
effective in eliciting evidence of diminished EF in brain-injured patients, as it requires subjects 
to independently plan and produce a construction. The TTT thus assesses the ability of an 
individual to formulate a goal, (i.e. what are they going to make with the Tinker Toys), plan 
how to make the desired construction with the given Tinker Toy pieces, and finally carry out 
the actual task of making an object. 
The administration of the TTT is very sin:q)le. Patients are given 50 selected pieces of 
a Tinker Toy set and asked to "Make whatever you want with these. You will have at least 
five minutes and as much more time as you want to make something." (Lezak, 1995, p. 659). 
When the patient has finished, the clinician asks, "What is it?' If the construction is a named 
object, it is evaluated for its appropriateness to the indkated name or concept. Scores are 
computed for the total number of pieces used in the construction, the planning involved in the 
task, object mobility, dimensionally, whether or not it is free standing, and the presence of 
misfits. Typical misfits included pieces of the construction falling off due to poor piece fit, or 
when the pieces are forced together in a manner not intended by the manu&cturer of the TTT. 
A summary complexity score is confuted based on these performance variables, and can be 
interpreted as a "pass" or "feil" (Lezak, 1995, p. 661). The TTT complexity scoring form has 
a score range of 0 to 13 (see Appendbc A). 
Multiple studies have documented that a summary complexity score of 8 is adequate 
or passing, whereas 7 and below is defective (Bayless, Vamey, and Roberts, 1989, Lezak, 
1995, Martzke, Swan, and Vamey, 1991). A study of the use of the TTT in a pediatric 
populatk>n indicated that non-head injured five year old chiklren perform in a matter 
comparable to normal aduhs (Roberts, Franzen, Furuseth, and Fuller, 1995). In other words, 
normal five year old children are able to pass the TTT. In a dissertation study of the validity 
and reliability of the TTT (Malcolm, 1993, cited in Lezak 1995), eight additional scores were 
developed to measure: latency of response, need for cueing to begin or continue the 
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construction, whether there was a goal and when it was conceived, goal revision, verbal-
action dissociation, self-corrections, perseveration and creativity. When the additional scores 
were factor analyzed with the original set of TTT scores, central themes pertinent to cognitive 
flmctioning found were: organization, creativity, planning and impulsivity, all of which are 
related to aspects of executive fiuictioning (Lezak, 1995). 
Tinker Toy test performance has been shown to be strongly related to post CHI 
employment status. Bayless et al., (1989) found that failure on the TTT, interpreted as a 
complexity score at or below 7, occurred almost exclusively among CHI patients who had 
been unable to return to work. Interestingly, half of the CHI patients in the study performed 
normally on the TTT. The authors concluded that faUure on the TTT had prognostic 
significance with regard to vocational outcome for CHI patients. However, passing the TTT 
had limited prognostic value. Cicerone and DeLuca (1990) found TTT performance strongly 
related to post-discharge employment status in a sample of CHI patients undergoing 
rehabilitation treatment. Cicerone et al. (1990) concluded that TTT performance might reflect 
the capacity to benefit from rehabilitation. Martzke et al., (1991) found that in patients with 
probable damage to the orbital frontal cortex, the TTT was the most sensitive of the frontal 
lobe neuropsychological tests in the study. Despite it's superior sensitivity to orbital frontal 
damage, the TTT as many other reliable and sensitive neuropsychok>gk;al instruments, can &il 
to identify impaired patients (Bayless et al, 1989, Martzke et al., 1991). 
Controlled Oral Word Asaociatioa Test 
The purpose of Controlled Oral Word Association (COWA), a test of word fluency, is 
to evaluate a patient's ability to spontaneously produce words beginning with a given letter 
within a 60 second time perk>d. The COWA test is part of the Neurosensory Center 
Comprehensive Examination for Aphasia (Spreen and Benton, 1977). A patient is asked to 
say ak)ud as many words as possible with a given letter during a timed interval of 60 seconds. 
The instructions are: '1 will say a letter of the alphabet. Then I want you to give me as many 
words that begin with that letter as quickly as you can. For instance, if I say "B" you might 
give me "bad, battle bed...'' I do not want you to use words which are proper names such as 
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Boston, Bob or Buick. Also, do not use the same word again with a different ending such as 
eat and eating. Any questions? (Pause) "Begin when I say the letter. The first letter is P. Go 
ahead." (Spreen and Strauss, 1998, p. 448). The scoring is computed by adding the total 
number of words produced, and as required, adding age, gender, and education corrections. 
The total possible score range is 0 to 53+. A standardized score of77-82, equivalent to a raw 
score of 24 to 25, is considered "borderline". A standardized score of 65-76 equivalent to a 
raw score of 17 to 24, is considered "defective" (see Appendix A). 
The COWA test has become a well established and widely used neuropsychological 
assessment test (Benton, 1968, Benton and Hamsher, 1989, and Lezak, 1995). Crockett, 
Hurwitz, and Vemon-Wilkinson (1990) reported that psychiatric patients performed better on 
COWA than did patients with verified brain dysfunction. Scores on COWA have also been 
reported to discriminate between patients with more or less profound head injuries (Spreen 
and Strauss, 1998). Miceli, Caltagirone, Gainotti, Masullo, and Silveri (1981) reported that 
the COWA was highly sensitive indicator of fi-ontal lobe damage regardless of whether the 
lesion was in the right or left firontal lobe. Mutchnick, Ross, and Long (1991) found that 
COWA was one of the top five best discriminators of the 18 Halstead-Reitan tests when 
evaluating 298 unspecified brain damaged patients and 193 pseudoneurological (e.g., referred 
for neuropsychological evaluation but without neurological impairment) controls. Typically, 
COWA performance is found to be most impaired when there is damage in the left firontal or 
both fi'ontal lobes (Spreen and Strauss, 1998). 
Design Fluency 
Design Fluency (DF) (Jones-Gotman and Milner, 1977, Jones-Gotman, 199!) was 
developed to be a nonverbal counterpart to word fluency tests such as COWA which are 
known to be associated with dominant frontal lobe functioning (Albert et al., 1981, Benson 
1979, Frith 1991, Lezak, 1983). The DF task consists of a 5 minute free-response condition 
where the main restriction imposed is to not draw anything nanneable or recognizable (see 
Appendbc A). The instructions are as follows: "This is a test of your ability to create novel 
drawings. For example, here are a couple of drawings that would be acceptable. You can 
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make any drawings that you like, but there are a couple of rules that you must follow. First, 
you cannot draw something that I can name. For example, it* you draw a house, you won't 
get any credit for it as I could name it "house". Also, you are not allowed to just scribble. If 
you scribble, you will not receive any credit either. Remember, you want to make as MANY 
DIFFERENT drawings as you can. You will have FIVE MINUTES to draw. Ready?... 
Begin!" (Spreen and Strauss, 1998, p. 199, from Jones-Gottman, personal communication, 
April 1995). The subject is shown a few standard examples of acceptable and unacceptable 
drawings (see Appendbc A). A score is computed by countii^ the number of novel drawings 
made by the subject. All drawings must be novel that is unique and different from one 
another, with perseverations on a theme or scribbling not allowed or scorable. The total 
possible range of scores is ^m 0 to 15+. The lowest passing score on this task is 8 novel 
drawings (Jones-Gotman, 1990, Daigneauh, Braun, and Whitaker, 1992, Vamey et al., 1996). 
Jones-Gottman and Milner (1977) found that non-dominant hemispheric lesions, 
especially in the right frontal and frontal-central areas of the frontal lobe, were most strongly 
associated with an impaired ability to draw novel abstract designs. Impaired performance on 
DF has been found in patients with traumatic brain injury. Levin et al. (1985) and Ruff et al. 
(1986) asserted that impaired DF performance is consistent with frontal k>be damage and the 
nonspecific damaging effects of traumatic head injuries. Levin et al. (1985) also noted that 
some head injured patients have difiSculty with perseverative responses on DF. 
Although numerous studies have demonstrated that many subjects with frontal lobe 
damage produce impaired DF performances, DF is less frequently used as an assessment tool 
in neuropsychological clinical practice (Vamey, Roberts, Stmchen, Hanson, Franzen and 
Connell, 1996) than EF measures such as COWA (Benton, 1968), the Wisconsin Card 
Sorting test (Berg, 1948), and the Trail Making Tests (Army Indivklual Test Battery, 1944) to 
name a few of the more frequently utilized tests. Lezak (1993) has suggested that DF has 
excellent potential as a measure of EF. Vamey et al. (1996) found that DF's relative 
independence from diminished intelligence, weak graphomotor skills, or impaired COWA 
scores "underscores the practical clinkal utility of DF in the assessment of patients with CHI" 
(p. 352). 
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The Storv-Telling Task 
The STT designed for this study used three "common" or gender neutral TAT cards, 
numbers 2, 5, and 14 (Bellak and Abrams, 1997). Card # 2 depicts a country scene. In the 
foreground there is a young woman carrying books, and in the background a man is working 
the fields with an older pregnant woman looking on. Card # 5 shows a middle-aged woman 
standing on the threshold of a half opened door looking into a room. Card # 14 is a silhouette 
of a person against a bright window. The pictures were selected by this writer and the Iowa 
City VAMC neuropsychologists for their ordinary content and relative ambiguity. Subjects 
were given instructions based on manualized TAT instructions (Bellak and Abrams, 1997). 
The instructions for the STT were as follows: "This is a test of your ability to make up a 
story. 1 am going to show you three pictures, one at a time, and your job is to make up a 
story about what is happening in the picture. You can talk about what is happening to the 
people in the picture, what the people in the picture are thinking or feeling, or what is going 
on around them. The important thing is to make up a complete story." If the subject was 
confused about the task, a single prompt was giveiL "I want you to tell me a story about this 
picttire, just like you would for a child that wanted to be told a story." Order of presentation 
of the TAT cards was randomized across all subjects. 
Development of the Storv-Telling Rating Form 
The Story-Telling rating form (see Appendix A) was devek)ped by this author and the 
VAMC Iowa City raters using the response tendencies of brain injured patients to other 
unstructured or ambiguous stimuli as identified by Piotrowski (1940), Aita et al. (1947), 
Baker (1956), and Lezak (1995) as a guide. The complexity scoring of the TTT, an index 
which comprehensively assesses constructions, constituted a model for the STT rating form. 
The STT rating form was to comprehensivety rate the oral stories produced by subjects. That 
is, to give the stories a coiiq>lexity or completeness rating while simultaneously looking for 
response tendencies identified by Lezak (1995) and others as signs of organicity. In a broader 
sense, the items are rating an output which is the direct result of prepositional thought or 
more specifically EF. An oral story told in response to a TAT card requires the planning. 
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organizing, and sequencing of complex thoughts, memories and ideas which occur in response 
to the picture. A well constructed and detailed story demonstrates the organizing and 
planning done in order to effectively produce a desired outcome. The rating form was devised 
with a simple dichotomous yes/no format. A description of each item follows. 
Item 1. ''Gave a verbal response with logically connecting ideas" was written to 
assess volition or whether the patient was able to initiate an appropriate response to the 
request to tell a story after viewing a picture. Inertia and difBculty initiating unstructured 
tasks can be an aspect of executive dysfunction. 
Item 2. ''The verbal response has "stoiy-telling'* aspects but is predominately 
descriptive in nature" was written in response to Lezak's (199S) and Goldstein's (1939) 
observation (paralleled by this author's clinical experience during instrument development) 
that brain injured individuals are more likely to describe the contents of a stimulus picture 
rather than integrate the components and construct a story. 
Item 3. "The verbal response is "story-telling" in nature with connection to the 
picture" was written to identiiy responses which incorporated elements of the picture as 
opposed to a description of the components of the picture. In other words, an adequate story 
would demonstrate an understanding or interpretation of the gestalt of the stimulus card, and 
the ability to translate impressions into a coherent and complete story. 
Item 4. "Discussed feelings of chanictcr(s)" was written to determine the presence 
of character feeling or emotion in each story. A "story" typically involves elucidation of the 
character's feelings/emotions. Head injured subjects with executive dysfunction are more 
likely than normal controls to tell sparse stories that are overly simplistic and/or vague 
(Lezak, 1995). Furthermore, individuals with a history of mOd CHI can have an impaired 
ability to label emotional information communicated via visual contextual scenes (Kubu, 1999) 
and to demonstrate a &ilure of empathy (Vamey and Menefee, 1993), both of which could be 
demonstrated in the STT by a lack of character emotion. The inclusion of how the characters 
in the story feel and/or the emotions they may be experiencing would result in a higher STT 
score. 
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Item 5."Discussed motives of ciiaracter(s)" was written to determine if the motives 
of the characters were included in each story. Including character motive in a story suggests 
the subject was telling a story with more detail than might be expected from a subject with 
executive dysfunction, as it requires a subject to formulate and express reasons for a 
character's actions. The goal of the item was to assess the completeness and amount of detail 
present in the story. 
Item 6. '^Environmentai/situational factors discussed'* was written to determine if 
the environment or circimistances were included in each story. Like item 5, item 6 was 
written to assess the amount of story detail and overall completeness. The goal of item 6 was 
to give a higher STT score to a story with a greater amount of detail, in this case 
incorporating and using the elements of setting or situation into the story. 
Item 7. ''Constriction-simplification, few words little creativity'' assesses the 
tendency of brain injured individuals to use few words, exhibit impoverished mentation, and a 
lack of creative propositions when making up a story (Lezak, 199S). The more detail and 
innovation or creativity demonstrated by a story, the more likely the subject would be given a 
point for item number 7. 
Item 8. ''Only describes the card** was written to identify the more severely impaired 
patients who are unable to go beyond a rote description of the presented card. Goldstein 
(1939) and Lezak (1995) have both noted the tendency to describe a picture rather than be 
able to integrate the elements into a cohesive synopsis of what the picture represents, or to be 
able to make up a story about the elements of a picture. 
Item 9. ''FragmentatioB focuses on just one detail or aspcct of the stimulus" was 
written to identify the head injured patients who responded to only one aspect of a picture, 
rather than the whole. In other words perseveration on one detail to the exclusion of the "big 
picture". Lezak (199S) and Gokistein (1939) have identified di£5culty in dealing with the 
whole of a picture and the focusing in on a single detaO of the picture as a likely response 
tendency in a head injured population. 
Item 10. "Structure seeking asks for an inordinate amount of help from the 
examiner" was included in the original assessment tool, but dropped after analysis determined 
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the item did not discriminate between the control and head injured populations in the initial 
sample. The item was originally written to capture Lezak's (199S) observation that head 
injured populations, when responding to a projective stimuli, are more likely to express self-
doubt and repeatedly request assistance and/or reassurance from the examiner about their 
responses. A similar item had been found to have utility in contributing to the complexity 
score of the TTT. 
Item 11. ''Confused response unrelated ideas are linked or put together'^ was 
included in the story rating as "organic" patients are more prone to respond to ambiguous 
stimuli such as TAT picture in a manner which reflects or implies illogical or spatial confusion 
(Lezak, 199S). Such responses will irrationally or illogkally link together unrelated ideas 
because of spatial or temporal contiguity (i.e., blending together aspects of previously 
presented cards in a story). 
Item 12. Ignores part of the card** was included to identify fragmented or 
incomplete responses which can be indicative of an ''organic" tendency to concreteness and 
difficulty in organization. Head injured patients according to Lezak (199S) and Goldstein 
(1939) are sometimes unable to take in the "whole" or "gestalt" of a complex visual stimuli. 
A CHI patient may therefore may tend to respond verbally to only an isolated detail or part of 
a picture. 
Item 13. '^Atttomatic phrases - automatic/indiscrimiBate use or repetition of a pet 
expression or phrase.** Piotrowski (1940), in kientifying signs of "brain impairment" in 
projective protocols, noted that an examiner must determine if a pet expression or phrase is 
repeated so frequently that it can be viewed as the use of an automatic phrase rather than a 
novel or innovative response to a projective stimuli. Lezak (1995) also views the use of 
automatk phrases as important when attempting to distinguish between injured and non head 
injured responses to projective stimuli 
Item 14. '*Logorrhea** is "excessive and incessant agitated speech characterized by 
difficulty with grammar based word elements, lack of meaningful content, and illogical 
sequences of clauses" (Loring, 1999, p. 99). Logorrhea is manifested by oventy aphasic 
patients, but it can also be seen in individuals after traumatu; brain damage to the frontal lobes. 
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Analysis of Item 14 determined the item did not discriminate between the head injured and 
control subjects in the initial sample sample. The item was subsequently dropped from the 
rating instrument. 
The final rating scale consisted of items 1-9 and 11-13. The rating forms can be found 
in Appendix A. 
Rating the Stories 
All story raters listened to taped TAT inspired stories and rated them independently 
and blindly. The presentation of stories and subjects was randomized. Every subject's three 
stories were presented together, but in a randomized fashion. The raters completed a rating 
form for every story or response made by a subject to a TAT card. Hence, three scores were 
computed for every subject by each rater. The average score given by both raters was the STT 
score that was used for data analysis. 
The VAMC Iowa City psychologists were aware of the purpose of the study and 
^miliar with the rating form as they had participated in its construction. Prior to the ratings 
on the initial sample, the rating psychologists and this writer met briefly to review the 
definitions of the items on the assessment form. The cross validation sample raters, two 
VAMC Milwaukee psychok>gists, received somewhat more extensive training prior to using 
the STT rating form. During a four-hour practice session, both the Milwaukee raters listened 
to and rated a set of 4 practice stories (i.e., the results of the training were not used in 
subsequent data anafysis). The practice tape was comprised of 2 control and 2 CHI subjects 
from the initial sanq)le. After each story, the Milwaukee raters compared their responses to 
one another and to the ratings done by the Iowa City raters. The main goal of the practice 
session was to develop uniform concepts of individual items so as to maximize interrater 
reliability. 
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CHAPTER 4 
RESULTS 
Initial Sample Demographics 
Consistent with the study design, the results are presented sequentially for the two 
separate segments of the study, the initial sample and cross validation sample. The initial 
sample of 10 CHI and 10 control subjects was used to evaluate the reliability' of the Story-
Telling rating assessment. Independent sample t-tests demonstrated there were no significant 
differences between the CHI subjects and controls on the variables of WAIS-R FSIQ, PIQ, 
VIQ, Similarities subtest score, or education. A significant difference between the groups was 
detected for age (p=.002). The mean age of the CHI subjects was 43.3 years versus 27.9 
years for the controls (see Appendix B, Table I). However, within both the control and CHI 
subject groups none of the EF tests or the STT correlated significanth' with age (see 
Appendix B, Tables 2 and 3). There were differences between CHI and control subjects in 
employment status, an index of sustained adaptive function. In this sample all 10 CHI subjects 
were unemployed, with 4 receiving disability payments. By contrast all controls were 
employed on a full-time basis (see Appendbc B, Table 4). 
Reliability of the Storv-Teliiag Ratings in the Initial Sample 
Kappa Indices 
A Kappa statistic, a chance corrected index of interrater agreement, was computed to 
evaluate the level of interrater agreement on the STT rating form independent of the effects of 
chance (Fleiss, 1981, cited in Russell and Buckwalter, 1991). A Kappa statistic was 
computed for every item for each story. For story 1 the Kappa statistics ranged from -.07 to 1 
with a median value of .89. In story I no Kappas were coiiq)uted for item 14, as at least one 
rater gave all subjects the same score on the itenL For story 2 the Kappa statistics ranged 
from -.07 to 1 with a median value of .74. In story 2 no Kappas were computed for items 10 
and 14, as at least one rater gave all subjects the same score on the item. For story 3 the 
Kappa statistics ranged from .76 to 1 with a median value of .89. Inspection of the data 
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revealed that across the three stories Item 10 and Item 14 did not discriminate well between 
the control and CHI subjects. A summary of the Kappa statistics for the three stories is in 
Appendix B (tables 5,6, & 7). 
Coefficient Alpha Indices 
Coefficient alphas (Cronbach, 1957, cited in Russell and Buckwalter, 1991) were 
calculated for the long (14 item) and short (12 item) versions of the STT rating form to 
determine the degree of homogeneity among the items (see appendix B, Table 8). The 
coefficient alphas ranged from .86 to .89 with an incremental improvement in stories 1 and 3 
with the shortened version of the measure. Therefore, it was decided that the shortened 
format (with items 10 and 14 deleted) would be used (see Appendbc A). 
Intraclass Correlations 
Intraclass correlation (McGraw and Wong, 1996. Shrout and Fleiss, 1981), a measure 
of interrater agreement for continously distributed measures, was computed so systematic 
differences between raters could be examined (Russell and Buckwalter, 1991). The intraclass 
correlation was .98 with raters considered as a two-way random effect across stories. 
Reliabilitv of Linear Composites 
The reliability of a linear composite, based on the reliability estimates &om stories 1, 2, 
and 3, for each individual rater, was computed using an equation fi-om Nunnally (1978). The 
reliability of the linear composite for both rater A and rater B was .96. The reliability of a 
linear composite was also calculated for a total score across both raters and was found to be 
.98 
When all indices of reliability (kappa, coefficient alpha, intraclass correlation, and 
reliability of a linear composite) were considered, an acceptable degree of inter-rater reliability 
was demonstrated in the initial sample. 
Initial Sample TInkertov Test aad Storv-Telling Scores 
Since the purpose of the study was to develop the STT, a verbal measure of EF 
comparable to the performance based TTT, it is usefiil to compare the proportion of the 
subjects within the CHI and control groups who passed one or both measures. Several studies 
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(Lezak, 1982, Bayless et al. 1988, Maitzke, et al. 1991) have found that a lowest passing 
score of 7 on the TTT is effective in discriminating between individuals with and without 
executive dysfunction. In the initial sample 60% of the CHI subjects scored below the TTT 
cutoff of 7. Furthermore, 80% of the CHI subjects scored below the lowest control subject 
score of 9. The mean TTT score for control subjects in the initial sample was 10.7 and for 
CHI subjects it was S.8. Table 9 (Appendix B) presents the initial sample TTT scores by 
group and employment status. 
As indicated by Table 10 (Appendix B), 80% of the initial san^le CHI subjects scored 
at or below the lowest control subject score on the STT. The mean control subject score on 
the STT was 9.9 and for CHI subjects it was 5.1. Using the control scores as a guideline for 
a establishing a '^ vorking" or tentative cut score, it appeared that a score of 8 would be the 
lowest passing score. Table 10 (Appendix B) presents the initial sample STT rating scores by 
group and employment status. A t-test of the mean scores of the control and CHI subjects on 
the story-telling task indicated there was a significant difference (g. <.001) between the two 
groups, with control subjects having significantly higher scores on the STT than the CHI 
subjects (see Appendix B, Table 11). The results of ^tests on the mean scores of control and 
CHI subjects on the EF measures of COWA, DF, and the TTT are also presented in Appendix 
B (Tables 12,13, 14). 
It is interesting to note that in the control group all the subjects passed the TTT and 
one subject &iled the STT with a score of 6. In other words, 11 of 12 control subjects passed 
both the TTT and the STT. In the CHI subject group 6 subjects fiiiled the TTT, and S 
subjects &iled both the TTT and STT. Three of the CHI subjects passed the TTT but &iled 
the STT, and one subject Med the TTT but passed the STT. That a CHI subject could pass 
the TTT but go on to M the STT hints of the possibility that the TTT as a performance based 
test and the STT as a verbal test are tapping into different components of EF. However, the 
small sample size limits anything beyond a noting of the pattern of scores at this point (see 
Tables IS & 16 in Appendix B). 
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Statistical Relationships Between the Measuits of EF and the Storv-Teiling Task in the 
Initial Sample 
Intercorrelations 
The partial correlations (see Appendix B Table 17) between the three tests of EF and 
the STT were calculated controlling for age. The partial correlations between the tests were 
all positive and ranged from .10 between COWA and the STT to .77 between DF and the 
TTT. Correlations significant at the .01 level were found between DF and the STT. The 
correlation between the STT and TTT was significant at the .05 level. 
An identical but slightly stronger pattern of correlation was found in the bivariate zero 
order correlations between the tests (see Appendix B, Table 18). 
Logistic Regression 
Logistic regressions were performed using as predictors age, COWA, DF, TTT, and 
the STT scores to determine the relative contribution of each variable as an independent 
predictor of group membership (control or CHI). In the initial sample the chi square 
significance tests of the logistic regression models for each of the individual variables except 
COWA were significant at the p < .01 level when the variables were entered separately (see 
tables 19,21, 23, 25, & 27 in Appendix B). The overall correct classifications into group by 
the individual predictor variables when the cut value was .50 were; 65% for COWA, 80% for 
age and TTT, and 85% for DF and the STT. For a complete listing of variable sensiti\ity, 
"the proportion of subjects correctly identified" as head injured by the variables, and 
specificity, 'the number of subjects correctly identified" as controls (Kaplan, 1993, p. 109), 
see Tables 20,22,24,26, & 28 (Appendix B). 
When a logistic regression was done on the initial sample by entering the variables 
sequentially (e.g., age as bk)ck I, COWA, DF, and the TTT as bk>ck 2, and STT as block 3) 
no estimation could be calculated by SPSS version 8 because the maximum iterations were 
exceeded. In the initial sample, the variable age accounts for a large amount of the differences 
between the CHI and the control group because the groups differ significantly in age. Thus, 
the addition of the EF tests and the STT to a logistic regression with age as Block 1 does not 
increase the ability to predict subject group membersh^. 
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When a logistic regression was perfomied entering COWA, DF, and the ITT 
simultaneously in block 1 and then the STT sequentially in Block 2, none of the individual 
predictor variables in block 1 achieves statistical significance. However, the bk)ck 1 model 
chi square was significant, ^.002. The overall correct classification rate, with a cut value of 
.SO for block 1 is 95%. In block 2 of the logistic regression model, the addition of the STT 
variable was not found to be significant, p<.09. However, the chi square test for block 2 was 
statistically significant at £<.04. The overall correct classification of subjects remained at 9S% 
correct after the addition of the STT in block 2. For a complete listing of these findings see 
Tables 29 and 30 in Appendix B. 
Cross Validation Sample PemogniDhics 
FoUowing STT reliability analyses of the initial sample, a sample of 10 CHI and 10 
controls, the cross validation sample, was collected. The cross validation sample was used to 
evaluate the reliability and validity of the STT rating instrument when the scoring procedures 
were applied by two additional independent raters. The Milwaukee raters were dififerent 
clinicians than those who rated the stories in the initial sample, the Iowa City raters. The 
results of independent sample t-tests for the cross validation sample subjects was the same as 
for the initial sample. The control and CHI subjects dkl not differ significantly on the variables 
of WAIS-R FSIQ, PIQ, VIQ, Similarities subtest score or education. The two groups did 
differ significantly in terms of s^e, with the CHI subjects being older (p = .04). The mean age 
of the CHI subjects was 46.5 years versus 31.9 years for the controls (see Table 31 in 
Appendix B). However, within both the control and CHI subject groups neither the EF tests 
or the STT correlated significantly with age (see Table 32 & 33, Appendix B) In the cross 
validation sample nine of the ten CHI subjects were unempk>yed. The sole employed CHI 
subject was selling brushes door to door. All the controls were employed on a full-time basis 
(see Table 34 in Appendix B). 
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Reliability of the Storv-Telling Ratings With the Cross Validation Sample 
Kappa Indices 
A Kappa statistic, a ctiance corrected index of interrater agreement, was computed to 
evaluate the level of agreement between the Milwaukee raters on the STT rating form 
independent of the effects of chance (Fleiss, 1981, cited in Russell and Buclcwaker, 1991) A 
Kappa statistic was computed for every item for each of the three stories. In story 1 the 
Kappa statistics ranged from -.09 to .89 with a median value of .50. For story 1 no Kappas 
were computed for items 1 and 12 as at least one rater gave all subjects the same score on the 
items. For story 2 the Kappa statistics ranged from -.09 to .64 with a median value of .28. 
No Kappas were computed for story 2 items 1 and 12 as at least one rater gave all subjects 
the same score on the items. In story 3 no Kappas were computed for 6 of the items because 
at least one of the raters gave all the subjects the same score on the items. For the remaining 
six items the Kappa statistic ranged from .01 to .64 with a median value of .45. A simimaiy 
of the Kappa statistics for the Mflwaukee raters on the cross validation study is in Appendix B 
(tables 35, 36, & 37). 
CoeflScient Alpha Indices 
Coefi5cwnt alphas (Cronbach, 1957, cited in Russell and Buckwalter, 1991) were 
calculated for the 12 item version of the Story-Telling rating form used with the cross 
validation to determine the degree of homogeneity among the items. The coeflScient alphas 
ranged from .72 for story 2, to .82 for story 3. A complete listing of the coefBcient alpha 
values for aU three stories is provided in Table 38 in Appendix B. 
Intraclass Correlations 
Intraclass conelation (McGraw and Wong, 1996, Shrout and Fleiss, 1981), was 
computed for the summary STT scores of the VAMC Milwaukee raters so that systematic 
differences between them coukl be examined (Russell and Buckwalter, 1991). The intraclass 
correlation across stories for the cross valkiation sample was .66 with raters considered as a 
two-way random effect. 
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Reliabilitv of Linear Composites 
The reliability of a linear composite, the sum of reliability estimates from stories 1, 2, 
and 3 by rater was computed for the cross validation sample. The reliability of the linear 
composite was .91 for rater A and .89 for rater B. When the reliability of a linear composite 
was calculated for both raters simultaneously it was .91. 
Cross Validation Sample Tinkertov Test and Stor>'-Tclling Scores 
A comparison of the proportion of subjects within the cross validation sample CHI and 
control groups who passed one or both measures is presented as follows. Forty percent of the 
CHI subjects scored below the established TTT cutoff score of 7 and sixty percent of the CHI 
subjects scored below the lowest control score of 10. The mean control subject score on the 
TTT was 11.30 and the CHI mean score was 7.70. The cross validation TTT scores by group 
and employment status are listed in Appendix B (Table 39). 
On the STT, fifty percent of the CHI subjects scored at or below the lowest control 
subject score of 8. Control subjects had a mean STT score of 10 and CHI subjects had a mean 
score of 8.S0. A t-test of the mean scores of the control and CHI subjects in the cross 
validation on the STT indicated there was a significant difference between the two groups, £ 
=.045 (see Appendix B, Table 40). In the scoring done by the Milwaukee raters, an optimal 
cut score of 8 appears consistent with the results from the initial sanqile. A summary of the 
cross validation sample STT scores by group and employment status are listed in Appendix B 
(Table 41). The results of t-tests performed on the mean scores of control and CHI subjects 
in the cross validation sample on the EE measures of COWA, DF, and the TTT are also 
presented in Appendix B (Tables 42,43, & 44). 
In the control group, all subjects passed both the TTT and STT (Table 45, Appendix 
B). In the CHI group 50% &iled the TTT and 40% &iled the STT with four subjects passing 
both the TTT and STT. There was one instance of a CHI subject passing the TTT but Ming 
the STT, and two who &iled the TTT but passed the STT (Table 46, Appendix B). 
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Statistical Relationships Between the Measures of EF and the Storv-Teiling Task in the 
Cross Validation Sample 
IntercorrelatioDs 
The partial correlations between the three tests of EF and the STT when controlling 
for age were also calculated for the cross validation sample. There was a small but negative 
correlation between DF and the STT (-.04). The remaining partial correlations were positive 
and ranged from .36 to .68. Correlations significant at the .01 level were found between 
COWA and the TTT , and COWA and the STT (see Appendix B, Table 47). A stronger 
pattern of positive correlations was found in the bivariate zero order correlations between the 
tests. Correlations significant at the .01 level were again found between COWA and both the 
TTT and STT. Correlations significant at the .05 level were found between COWA and DF, 
the TTT and DF, and the TTT and STT (see Appendix B, Table 48). 
Logistic Regression 
Logistic regressions were performed using age, and COWA, DF, TTT, and the STT 
scores as predictors to determine the relative contribution of each variable as an independent 
predictor of group membership (control or CHI). In the cross validation sample only COWA 
achieved significance at the p < .05 level (see Appendix B, Tables 49, 51, 53, 55, and 57) 
when variables were entered as single predictors. The chi square tests of significance of the 
separate regression models significant at the p < .05 level for age, and the STT, and at the p < 
.01 level for COWA and the TTT. The overall correct classifications to group by individual 
variable were 70% for age, 90% for COWA and the TTT, 45% for DF and the STT task (see 
Appendix B, Tables 50, 52,54, 56, and 58). 
When a logistic regression was conducted on the cross validation sample entering the 
variables sequentially (e.g., age as block 1, then COWA, DF, and the TTT as block 2, and 
STT as block 3), no estimation coukl be calculated by SPSS versk)n 8 as maximum iterations 
were exceeded. Ahhough in the cross validation sample the variable age lacked the predictive 
power it had in the initial sanq)le, the significant age differences between the controls and CHI 
subjects continued to account for a substantial amount of explained variance. Addii^ the EF 
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tests and the STT as block 2 to a logistk regression with age as a block 1 variable does not 
increase the ability to predict subject group membership. 
When a logistic regression was performed entering COWA, DF and the TTT 
simultaneously in block 1 and the STT in bkKk 2, COWA atone achieved statistical 
significance, c < .05 in block I (see Appendix B, Table 59). The chi square significance test 
for block I was significant, <.01. The overall correct classification rate for block 1 was 
90%. In block 2 of the logistic regression model, the addition of the STT was not found to be 
statistically significant. The chi square analysis for bk>ck 2 was also not found to be 
significant. The overall correct classification rate for the model of block 1 and 2 remained at 
90% (see Appendix B, Table 60). 
Logistic Regression to Check for Interactions Between the Samples and the EF tests 
The final logistic regression analysis involved combining the initial and cross validation 
samples to determine if interactions between the samples and the EF tests or STT task were 
occurring. In the combined data set, interaction variables for each of the EF tests and the 
STT were created and then individual logistic regressions were performed with bk)ck 1 being 
the combined sanqile and then a test of EF or the STT. Block 2 consisted of the associated 
interaction term. No statistically significant interactions were found (see Tables 61- 64 in 
Appendbc B). In these analyses a statistkally significant interaction would indicate that there 
were significant score differences as a function of the sample. If such cross sample differences 
emerged, the consistency and generalizability of the study findings woukl be diminished. 
Between Sample ComparisoBs of RelMbiiitv 
When the reliability of the ratings in the two samples were compared via an F-test a 
difference significant at the .05 level was found. This significant F-test of ratings was related 
to the substantial differences in the variance of scores between the two samples. The variance 
found in the STT scores in the initial sample scale ratings is 381, while in the cross validation 
it was 116. Thus, the variance in the scoring of the Iowa City raters was nearly three times 
the variance present in the scoring done 1^ the Mflwaukee raters. An examination of the 
scoring done by the Iowa City raters revealed a range of raw combined story scores from 8-35 
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for rater A and 6-35 for rater B. The Milwaukee raters gave much higher raw scores, with 
rater A scores ranging from 20-36 and rater B from lS-34. When the individual CHI subject 
test scores on the 3 EF tests and the STT were examined, and executive dysfunction was 
defined as failing any three of the tests, 5 subjects in the initial sample and 2 subjects in the 
cross validation sample meet the criteria. It seems possible that the between sample 
differences in variance were related to the differences between the two groups in the baseline 
diagnosis or severity of executive dysfunction. It Is also possible that the variance differences 
could be a fimction of the degree of femiliarity with the rating form and differing 
interpretations of the rating items. 
EF Test and STT Scores Across Both Samples 
Since one of the purposes of this study was to explore the practical and clinical utility 
of the STT instrument, additional descriptive analyses were undertaken to assess whether the 
addition of the STT to a clinical battery adds to the prediction of group membership based on 
whether the subject passed or failed EF tests and the STT when cut scores commonly 
employed in clinical practice are used. The initial sample and cross validation sample were 
combined and the accuracy of prediction of group membership based on whether a subject 
passed/Med the EF tests or the STT was examined (see Tables 65 - 68 in Appendix B). 
Across both sanq)les, a passing or borderline to filing score on COWA (i.e., a standardized 
score of 82), correctly classified 23/40 subjects into the control or CHI group, a correction 
prediction rate of 58% for the entire sample and 20% for CHI subjects specifically. DF, with 
a cut score of 8, correctly classified 29/40 subjects, with an overall correct prediction rate of 
73% and 45% accuracy rate for CHI subjects. The TTT, with a cut score of 8, correctly 
classified 31/40 subjects, an overaU correct prediction rate of 78% and a 55% correct 
prediction rate for CHI subjects. The STT, with a cut score of 8, correctly classified 31/40 
subjects, 78% of aU subjects and 60% of all CHI subjects. In summary then, when all the 
subject scores are combined, the STT more accurately placed subjects than the COWA, a 
widely used and accepted test of EF, and performed in a manner comparable to DF and the 
TTT. 
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The proportion of subjects passing/fiulmg at least one of the three established EF tests 
(i.e., COWA, DF, and TIT) was then conqMired to the proportion passing or filing at least 
one of the established EF tests and the STT (see tables 69 & 70 in Appendix B). Failure on 
any one of the established EF tests is cause for clinical concern about the possibility of 
impairment in executive functioning. COWA, DF and TTT scores were able to correctly 
place 83% in the correct group based on the Mure of at least one test. When the STT task 
was added to the EF test battery, the ability to correctly classi '^ subjects rose slightfy to 85%. 
These findings are especially positive in light of the &ct that two pairs of raters, including a 
pair relatively un£uniliar with the STT, did the ratings across two samples of subjects. 
When the "Fluency" tests of COWA (letter fluency) and DF test scores are examined 
together for placement of control and CHI subjects, the tests together accurately placed 75% 
of the subjects in both samples (Table 71, Appendix B). When the TTT and the STT results, 
both of which assess the resuhs of propositional thought (e.g., either making an object out of 
Tinker Toys or telling a story), are examined jointly, the correct classification of subjects to 
group was 83% (Table 72, Appendix B). 
Partial correlations controlling for age between the EF tests and the STT were 
calculated for the combined sample (see Table 73, Appendix B). Moderate and significant 
positive correlations ranging fi»m .39 to .59 were found between COWA, DF, and the TTT. 
Bivariate correlations were also calculated for the EF tests and the STT in the combined 
sample and an identical but slightly stronger pattern of correlations was found with statistically 
significant correlatuns ranging from .39 to .53 (see Table 74, Appendix B). 
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CHAPTERS 
CONCLUSIONS 
Answering the Research Questions 
The results of this study are discussed in the context of the questions posed by the 
investigator. 
Question 1: Can a reliable story-telling rating task be developed? The answer is yes. 
In the initial sample the median Kappa values ranged from .74 to .88. and in the cross 
validation sample from .28 to .50. The shrinkage in interrater agreement across the samples 
was most likely due to the Milwaukee raters limited familiarity with the rating protocol. The 
Iowa City initial sample raters bad worked together in the same setting with head injured 
patients for more than 15 years. It is likely that their high degree of inter-rater agreement is in 
part due to their shared work experience with the same head injured patients. On the other 
hand, the Mihvaukee raters, work in separate units of the Milwaukee VAMC. One 
Milwaukee rater works with spinal cord patients, many of whom have mild comorbid head 
injuries from the same traumatic ^act that produced a patient's spinal cord injury. In 
contrast, the other Milwaukee rater heads a Neuropsychology service with a wide variety of 
referrals from the Department of Neurobgy, many of whom are severely impaired. Thus, 
given the differing nature of their specific practices, their thresholds and baseline clinical 
judgments for what constitutes a "defective" performance are likely to differ somewhat. Both 
the Milwaukee raters noted the need for better operationalization of the rating items during 
the training session and following their independent rating of the taped stories. 
The coefficient alpha, an index of similarity and homogeneity of scores on the STT, 
ranged from .86 to .88 in the initial sample to .72 to .81 in the cross validation sample. Such 
high coefBcient alphas strongly imply that STT scores in the two samples reflect similar 
degrees of true score variance. When systematk differences between pairs of raters were 
examined the nitniclass correlation was .98 in the initial san^le and .66 in the cross validatk>n 
sample. The shrinkage in the ICC value in the cross validation sample most likely stems from 
the same issues that lowered the Kappa values, namely some degree of subjectivity in 
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judgment by pairs of raters regarding what constitutes a defective performance on individual 
items. However, the raters themselves were consistent as the reliability of a linear composite 
figures demonstrated. In the initial sample the sum of reliability estimates from the three 
stories by rater was computed as .96 for both raters. In the cross validation sample the 
reliability of a linear composite was computed to be .91 for rater A and .89 for rater B. 
When the reliability of a linear composite across both pairs of raters was calculated, it was .98 
for the initial sample and .94 for the cross validation sample. Thus, a synthesis of the 
reliability findings indicates that the STT is sufficiently reliable to warrant further 
investigation, with specific emphasis on clarifying the rating items and thereby reducing 
subjectivity needed to score the STT. 
Question 2: To what degree are the established tests of executive function COWA, 
DF, TTT and the STT correlated? In the initial sample when controlling for age, the strongest 
partial correlation, r = .77, was between DF and the TTT, both performance-based measures 
of EF. The second highest correlation, r = .68, was between DF and the STT. The weakest 
correlation, r = . 18, was between COWA and the STT, both verbal based measures. It is 
interesting to note that in the initial sample COWA did not achieve significance as a predictor 
variable, and therefore the lower correlation may be reflective of sample characteristics. 
Furthermore, in the initial sample COWA had the lowest partial correlations with the other EF 
tests as well An identical but slightly stronger pattern of correlation and significance was 
found in the bivariate correlations between the tests. 
In the cross validation sample a slightly different pattern of correlations was found. 
When controlling for age, DF was negatively correlated with the STT, r = -.04. The strongest 
correlation was between COWA and the TTT, r - .68. A stronger pattern of positive 
correlations was found in the bivariate correlations between the tests. All bivariate 
correlations were positive and slightly stronger with 2 significant at the .01 level and 3 
significant at the .05 level. 
When the initial sample and cross validations were combined, the partial correlations 
controlling for age were all positive, with three achieving significance at the ^ <.0l level 
(COWA and TTT, COWA and DF, STT and DF) and two at the e <.05 level (COWA and 
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DF, TTT and STT). It is interesting to note that in the combined sample the STT task 
correlation with COWA was not significant despite the two tests being verbal measures. 
Bivariate correlations were also calculated for the EF tests and the STT in the combined 
sample and an identical but slightly stronger pattern of correlation and significance was found 
with statistically significant correlations ranging firom .39 (COWA and DF) to .53 (TTT and 
STT). 
Question 3: Do patients with a history of closed head injury differ fiom normal 
controls on a Story-Telling task? The answer is yes. Independent sample t tests on the STT 
scores for controls and CHI subjects showed that means for the two groups were significantly 
different. The level of significance of differences in the initial sample was q <.01 (Appendix 
B, Table 9) and in the cross validation sample g <.05 (Appendix B, Table 32). The STT 
scores, when used as individual predicator variables, accurately klentified CHI and control 
subjects at an overall accuracy rate of 65% (cross validation sample) to 85% (initial sample). 
When the two samples were combined, an examination of the accuracy of the grouping of 
subjects based on the index of test pass/&il rates increased from 83% with just COWA, DF 
and the TTT to 85% when the STT is added. 
Question 4: Does the Story-Telling task significantly add to the group predictive 
variance in aggregate executive fiinction scores beyond that obtained finm a total of the 
Tinkertoy Test, COWA, and DF. The answered is no. However, analysis of these data using 
logistk regression suggests the STT has validity as a test of EF, as it is able to accurately 
kientify head injured subjects at least as accurately as other established measures of executive 
function. When used as individual predictor variables all the EF tests were significant. 
However, when regressed simultaneously, the multicollinearity decreases the significance of 
the indivkiual variables. The ability to accurately classify subjects by group was not enhanced 
by the addition of the STT. There was an interesting result that points to an unexplained 
difference between the groups. When the EF tests were regressed individually in the initial 
sample, COWA was the only EF test not to be found statistically significant. However, in the 
cross valklation sample COWA was found to be significant. In the cross validatk>n sample 
when DF was regressed atone it dul not achieve significance. However, in the initial sample it 
44 
was significant. Differences between the groups and small sanq)le size may be responsible for 
the disparate findings. It is important to note that predicting group membership (i.e., control 
or CHI) is not the same as predicting who has impaired EF. 
Overall Findings 
This feasibility study was conducted to ascertain if it was possible to develop a reliable 
and relatively unstructured STT in which patients with a histor>' of CHI would be reqiiired to 
generate brief stories in responses to ambiguous pictures. Lezak (1993) had hypothesized that 
many patients with executive dysiimction would have difficulty performing adequately on such 
a task. Unlike the more traditional cognitive measures conamonly used during 
neuropsychological assessment, the STT used in this study had very little examiner imposed 
structxire and allowed multiple solutions by which a patient could demonstrate an adequate 
performance. 
The initial sample in the study revealed that two neuropsychok)gists with extensive 
experience in the evaluation of CHI patients and 15 years of collaborative research experience 
could use the rating system developed for the STT with a high degree of reliability. The cross 
validation sample demonstrated that a neuropsychologist and a psychologist with a great deal 
of experience in neuropsychology codd, after four hours of training, use the STT with a 
modest but acceptable degree of interrater reliability. When the data from both samples were 
combined, the findings indicated that the STT performed comparably to two commonly 
accepted measures of EF, the TTT and DF, in classifying CHI versus controls. Furthermore, 
the STT appeared to be superior to a widely used aixi long standing measure of EF, COWA, 
in correctly classifying subjects. 
The finding that CHI patients have difficulty telling a simple story in response to a 
TAT card is consistent with previous research. For example, Yorkston, Jaffe, Polissar, Liao, 
and Fay (1997) studied written language production in head injured chikiren noting that the 
production of spoken and written language is complex, and requires cognitive planning as a 
speaker/writer creates an organized series of sentences with the goal of conveying 
information. Pediatric head injured and control subjects were asked to write a story in 
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response to picture stimuli. Overall, the head injured subjects demonstrated significant 
difBculties writing con^lete and coherent stories. The language variables involved in written 
expression were grouped via conceptual similarity and &ctor analysis results into five 
domains: efficiency, completeness, general readability, error, and vocabulary. The domains of 
efiBciency and con^leteness were the most affected by head injury and highly correlated with 
the severity of injury. 
An investigation by Sirigu et al. (1995) explored the role of the frontal cortex in 
representing and organizing complex action schemas. Cognitive memory scripts were 
theorized to be vehicles essential to the successful completion of complex acts. Overall, 
patients with frontal lobe dysfiinction had difiBcuky generating scripts to guide their behavior. 
Specifically, Sirigu et al. (1995) found the frontal lobes important in the processing of 
knowledge used in planning, and especially critical in the organization of cognitive scripts that 
direct goal directed behavior. 
Another line of inquiry has explored developmental trends in pediatric populations that 
are relevant to the assessment and understanding of £F. SpecificaOy, Roberts et al. (1995) 
found the TTT has a task ceiling of 5 to 6 years of age. This suggests that the TTT may tap 
fiinctions that are present early in life. In this regard it would be interesting to study how STT 
performance changes with age in normal children and teenagers. 
Study Strengths and Weaknesses 
Sampling: 
Perhaps the most obvious limitation of the present feasibility study was its small 
sanq)le size. Greater statistk:al power wouki have resuhed if both the subject and control 
groups had been larger. In additron, the control and CHI groups differed significantly in age, 
a problem that is frequently encountered in neuropsychological research (Lezak, 1995). 
Having subjects and controls matched for education and intellectual ability is a strength of the 
sampling. Strict anention was also paki to not including subjects with complicating comorbid 
diagnoses. Using patients with a history of mild to moderate CHI also provided a more 
conservative test of the STT technique than using more severely and clearty dysfimctk>nal 
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patients. In this regard, it should be emphasized that the mean IQ of the CHI subjects (FSIQ 
= 102 in the initial sample, and FSIQ = 104 in the cross validation sample) was clearly in the 
average range of fimctioning. 
Study Design 
The study design of having SIT stories blindly and independently rated by four 
dififerent psychologists trained and experienced in neuropsychology was suitably conservative. 
The generalizability of the finding of differences between the control and CHI groups was 
enhanced by the fact that ratii^s done by two pairs of raters, on two dififerent samples, 
rendered essentially the same finding. 
Reliabilitv of the Ratings 
The Iowa City VAMC story raters demonstrated a high degree of interrater reliability 
and yielded STT scores that were slightly more efifective at discriminating the CHI subjects 
from the controls. The high degree of interrater reliability and accuracy of STT scores in 
identifying subjects from controls demonstrated by the Iowa City VAMC raters was likely 
related to their involvement in the development of the STT rating fi>rnL Furthermore, the 
CHI subjects were randomly selected from patients presenting to their VAMC Iowa City 
Psychology service. Both the Iowa City raters have been employed at the same VA Medical 
Center longer than 15 years and have worked together for this extended interval. It would be 
surprising if their ratings did not demonstrate a high degree of interrater reliability. 
In contrast, the Milwaukee raters trained together for four hours with practice tapes of 
subjects to develop uniform concepts of individual items so their interrater reliability would be 
maximized. A question of some debate between the Milwaukee raters was whether or not 
implied but not overtly stated feelings or motives were adequate to earn a point on items four 
and five of the STT rating form. In general, the Milwaukee raters were more generous in 
their scoring than the Iowa City raters. Thus, a cross validation sample subject wouM have 
generally had to have been more impaired to earn a fiuling score on the STT than woukl a 
subject in the initial sample. Moreover, the Iowa City raters had nearly three times more 
variance in their STT scores than did the Mihvaukee raters. The variance is likely due to a 
lack of uniform definitions and scoring examples for the rating form items. However, all the 
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raters scored the stories with sufBcient reliability and overall accuracy for the STT to warrant 
further examination. 
Cliaical Utility of a Storv-Telliag Test of Eiccutivc Functioa 
In this study, a clinically significant number of patients with a history of CHI 
demonstrated considerable difBculty in telling a coherent and/or complete story when asked to 
do so. This finding substantiates both research findings and clinical lore that suggests CHI 
patients may have tremendous difficulty performing well in relatively unstructured or 
ambiguous situations that require they self>generate propositional thought. Previous research 
has demonstrated that head-injured children and teenagers often manifest difBculty in writing 
coherent stories (Roberts, et al., 1995) and that patients with fi-ontal lobe damage have 
difBcuhy generating scripts to guide their plans (Sirigu et al., I99S). 
Perhaps the most obvious venue in which CHI patients demonstrate similar difBculties 
in "real world" settings is when they "tell their stories" to healthcare providers. Despite 
seemii^y intact basic cognitive skills, memory functioning, and verbal abilities, CHI patients 
are notorious for presenting their symptoms in the wrong order, misimderstanding the 
implications of a care provider's questions, and misattributing specific symptoms to unrelated 
causes (Robens, 1999, Vamey and Menefee, 1993). Therefore, an impoverished STT 
performance relative to seemingly intact performances on traditional, structured 
neuropsychological assessment tasks might alert the clinician to the need for additional 
collateral interview information (Body and Parker, 1999, Lezak, 1995) before accepting the 
patient's version of his or her medkal and psychological history as completely valid or 
accurate. Furthermore, although the real-life correlates of poor performance on the STT 
remain to be established, it is possible that patients who perform poorly on the STT may also 
have a diflScuh time in unstructured situations, particularly those of a social nature, in daily 
life. 
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Verbal Versus Noaverbal Asseasmcat of Executive Function 
CHI patients ^o &i]ed the SIT in this study also tended to perform poorly on other 
generally accepted tasks thought to be related to EF, particularly the TTT and DF. Somewhat 
unexpectedly, there was a weaker relatbnship between the STT and COWA. While both are 
verbal tests of EF, it is possible that COWA, a test of letter or phonemic fluency is tapping a 
different con^nent of EF than is the STT. It is also possible that the STT (a verbal test) and 
the TTT (a performance test), which were positivelj' and significantly correlated, are 
measuring a specific ability to use propositional thought (e.g., the planning and organizing 
component of EF), as opposed to broader based verbal or performance skills. 
Currently there is a research trend toward specificity in the assessment of the 
components of EF (Hart, Schwartz and Mayer, 1998). To date, however, there is little known 
about how to apply components of EF to the clinkal evaluation of CHI. If the STT were 
found to predict empk)yability and response to rehabilitation with the same success as the 
TTT, the body of knowledge regarding components of EF functioning woukl be increased. 
Future Directions of Inaulrv 
As the STT is inexpensive and does not require much time to administer, it is likely to 
have potential as an adjunctive procedure to more traditional forms of neuropsychological 
assessment in patients with CHI. The present results demonstrated that inclusk)n of the STT 
did not add to the accuracy of predictun when COWA, DF, and the TTT were also being 
used as predictors of group (CHI or control) membership. Nevertheless, on a clinical case-by-
case basis, two of the CHI subjects (i.e. 10% of the combined CHI sample) &iled only the 
STT. This suggests that, if the reliability of scoring were improved with the development of a 
scor^ manual with multipie examples of adequate and deficient responses for each item, the 
STT protocol might well have improved e£5ciency for discrindnatuig CHI patients fix)m those 
mdividuals with no history of CHI. It shouki be pointed out that the present study was a 
relatively conservative test of the potential usefufaiess of the STT. The subjects were selected 
on the basis of having sustained a CHI rather than having a documented problem with EF. 
However, a number of CHI subjects dkl manifest fiuling performances on the other measures 
49 
of EF and also had disrupted vocational histories which together strongly suggest the presence 
of problems with EF. 
The next step in the development of the STT is the creation of a test manual with 
scoring examples and normative test data. Large numbers of clinical subjects and normative 
controls would be needed to develop a more definitive understanding of what the STT is 
measuring. The rating form needs to be refined. With a larger database a clearer 
understanding of the most important elements to rate could also be elucidated. Factor analysis 
could potentially identify the highly correlated items and their respective loading fiictors. With 
a greater understanding of the crucial rating items, the rating form could be shortened. An 
essential line of inquiry would inchide determining if the specific factors measured by the STT 
rating form are able to predict to an external criterion such as employability or the capacity to 
benefit from extended rehabilitative efforts. 
One of the strengths of the TTT has been it's proven ability to predict the ability to 
maintain employment post CHI (Bayless et al., 1989), and the &ct it may predict the ability to 
benefit from rehabilitation (Cicerone and DeLuca 1990). Discriminant function analysis could 
also be used to determine the STT rating items ability to separate groups. Beyond the ability 
to distinguish head injured from normal controls, the ability to distinguish between head 
injured subjects themselves is an area for future research. Greater understanding of the 
specific STT rating items in order to determine which aspects of propositional thought are 
most important when identifying CHI patients capable of successfully returning to work 
should be explored. Treatment planning and patient goal setting would be aided by an 
in^roved capacity to distinguish between important treatment outcomes such as 
employability or demonstrable need for disability compensation. 
To better understand the important components of successful story-telling in response 
to pictures and develop an improved STT rating form, a study of the stories produced by 
normal and head injured children would be beneficial. To date, it is poorly understood by 
non-neuropsychologists that when EF is impaired, there is a resuhing and devastating 
dissociation between an intact intellect and the ability to plan and live a purposeftil/productive 
life. Knowing at what age children are able to tell storks in response to pictures would 
50 
clarify for psychologists and other professionals involved in activities related to assessment 
and disability determination jtist how basic a skill telling a story is. The need for an improved 
understanding of executive dysfunction has been repeatedly demonstrated as patients who are 
too impaired to find or "lamtain employment are rejected for workers compensation or other 
benefits because their unpaired EF has not been adequately documented (Lezak, 1993). 
Summary 
This study revealed the STT to have the potential as an EF assessment measure. The 
challenge of developing effective and eflScient techniques to correctly identify patients 
suffering from executive dysfimction remains an urgent need in the field of clinical 
neuropsychology. Despite an increase in research in the area of EF, a paucity of innovative 
and open ended measures with demonstrated reliability and valklity still exists. The 
demonstrated ability of the STT to identify head injured subjects is worthy of fiirther 
investigatk)n. Prior to the devetopment of a manual to reduce subjectivity in scoring, a 
greater understanding of the developmental trends and specific components of propositiotial 
thought needed for conqxtem story-telling is required. At this time, developmental research 
directed toward understanding oral story-telling skills in normal and head injured children and 
teenagers appears indicated. 
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APPENDIX A 
MATERIALS 
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Glasgow Coma Scale 
Eye Opening: Best Motor Response: 
4.. Spontaneous 
3.. To verbal command 
2.. To pain 
1.. No response 
6.. Obeys verbal Command 
5.. Localizes pain 
4.. Flexion-withdrawal to pain 
3.. Flexion-abnormal to pain 
2.. Extension-to pain 
1.. No response 
Best Verbal Response: 
5.. Oriented and converses E + M + V = GCS (3-15) 
4.. Disoriented and converses 
3.. Inappropriate words Mild = I3-1S 
2.. Incomprehensible sounds Moderate = 9-12 
I..N0 response Severe = 3-8 
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I hereby grant the Psychology Service, VA Medical Center, Iowa City, Iowa, permission to 
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Date 
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Name 
TINKERTOY TEST COMPLEXITY SCORING FORM 
ID 
Diagnosis, 
Date Coma 
Age_ Education 
Subject's statement of what the design represents: 
Lesion 
PTA 
Handedness 
Made any construction: 
Number of pieces 
Name of construction 
<20 = 
<30 = 
<40 = 
<50 = 
Appropriate Name 
Vague/Inappropriate Name = 
Post Hoc Naming/Description -
No Name Applied = 
Working Wheels/Moving Parts (1 point each) 
Symmetry 
Three Dimensionality 
Freestanding 
Error, misfit, incomplete fit 
TOTAL Complexity Score = 
0 
0 
0 
0 
0 
1 
2 
3 
4 
3 
2 
1 
0 
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CoBtroUcd Oral Word Anociatkm 
I will say a letter of the alphabet. Then I want you to give me as many words that begin with that letter as 
quickly as you can. For instance, if I say "B" you might give me "bad, battle, bed". I do not want you to use 
words which are proper names such as Boston, Bob or Buick. Also, do not use the same word again with a 
different ending such as eat and eating. Any questions? Begin when I say the letter. 
OP F^R UW 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
1 1 .  
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20 
Sum 
COWAT: Total C - F+ L = 
COWAT Age, Gender, and Education Corrections: 
Age 
25-54 55-59 60-64 
Educ. M F M F M F 
<9 9 8 11 10 14 12 
9-11 6 5 7 7 9 9 
12-15 4 3 5 4 7 6 
16^ 0 0 1 1 3 3 
COWAT Normative Data; 
Total Percentile Std. Score Interoretation 
53+ 96+ 126+ Superior 
45-52 77-89 111-118 High Average 
31-44 25-75 90-110 Average 
26-30 12-22 82-88 Low Average 
24-25 6-11 77-82 Borderline 
17-23 1-5 65-75 Defective 
< 17 < 1 <61 Severely Defective 
9 
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Design Fluency 
This is a test of your ability to create novel drawings. For example, here are a couple of 
drawings that would be acceptable. (Circle the two examples given.) You can make any 
drawings that you like, but there are a couple of rules that you must follow. First, you cannot 
draw something that I can name. For example, if you draw a house, you won't get any credit 
for it as I could name it "house". Also, you are not allowed to just scribble. If you scribble, 
you wiU not receive any credit either. Remember, you want to make as MANY DIFFERENT 
drawings as you can. You will have FIVE MINUTES to draw. Ready?... Begin! (Cross out 
the nameable and scribble drawing examples.) 
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Story-TcUiag Aascumeat of Eiecntive Fiuctioa (Loaf Venioo) 
1) Gave a verbal rcspoose with iogicaiiy 
cooaeeting ideas Yes = I No = 0 
2) Tiw verlMl rcspoase hat''story-teliiBf" aspects 
bat b predooiiaateiy descriptive ia aatnrc Yes = 0 No = I 
3) The verbal respoose is'^ ory-teiUBf'* in aatare 
witii coaaectioa to the picture Yes = I No = 0 
4) Discussed feeiiofs of character(s) 
(0 or 1 feeling = No, 2 or more feelings = Yes) Yes = 1 No = 0 
5) Discossed aiotives of character(s) 
(0 or I motive = No, 2 or more motives = Yes) Yes =1 No = 0 
6) EavinNMMBtai/sitiiatioaal&ctors 
discassed Yes =1 No = 0 
7) Coastrictioa-siBipiillcatioa 
few words, little creativity Yes = 0 No = I 
8) Oaly describes the card Yes = 0 No = I 
9) Fragmeatatioo 
focuses on just one detail or 
aspect of the stimulus Yes = 0 No = I 
10) Stroctare seeldag 
asks for an inordinate amount of 
help from the examiner Yes = 0 No = I 
11) Coolhsed respoasc 
unrelated ideas are linked or put together Yes = 0 No = 1 
12) IgBores part of tiw card Yes = 0 No = 1 
13) Aotoauitic phrases 
automatic/indiscriminate use or 
repetition of a pet expression or plirase Yes = 0 No = I 
14) Loggrrhea Yes = 0 No = I 
Total Score 
complies WfTh COMMIT^E i PROTOCOL tr 199803036 RELEASE DATE ilJ/U SXP'RATION DATS. 3/73/99 
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Story-Telliag AncniBcat of Encative FaBctkw (Skort Vcnioa) 
1) Gave a verbal respoasc witk logically 
coaaectiiig ideas Yes =1 No = 0 
2) The verbal response has'*story-telliBg'*aspects 
but is predomiaatcly descriptive ia Datare Yes = 0 No = I 
3) The verbal response is '^ tory-telliag*' in aatare 
with coaaectioa to the picture Yes =1 No = 0 
4) Discussed feeliBgi of character(s) 
(0 or 1 feelmg = No, 2 or more feelings = Yes) Yes =1 No = 0 
5) Discussed motives of character(s) 
(0 or 1 motive = No, 2 or more motives = Yes) Yes =1 No = 0 
6) Eaviroamental/situatioaal factors 
discussed Yes =1 No = 0 
7) CoBstrictkM-sinplifiGatioa 
few words, little creativity Yes = 0 No = 1 
8) Only describes the card Yes = 0 No = 1 
9) Fragiaentatioa 
focuses on just one detail or 
aspect of the stimulus Yes = 0 No = 1 
10) CoaflMed response 
unrelated ideas are linked or put together Yes = 0 No = I 
11) Ignores part of the card Yes = 0 No = I 
12) Aataautic phrases 
automatic/indiscriminate use or 
repetition of a pet expression or phrase Yes = 0 No = I 
Total Score 
COMPUESWITH COMMITTEE A 
PROTOCOL *: 19M03036 
RELEASE DATE: 3/33/M 
EXPIRATION DATE: 3/2V99 
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APPENDIX B 
TABLES 
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Table 1 
Initial Sample Subject Demographics (N = 20) 
Indices Control cm 
M SD M SD t P 
FSIQ 105.5 7.52 102 8.76 .959 .35 
VIQ 105.3 9.21 102.3 11.92 .63 .537 
PIQ 106 9.17 102.4 10.02 .838 .413 
Siml. 11.1 .99 10.8 1.93 .437 .668 
(scaled) 
Educ. yrs. 12.7 .95 12.9 1.66 -.330 .745 
Age yrs. 27.9 10.6 43.3 9.08 -3.593 .002»^ 
Note. ••e<.01 
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Table 2 
Initial Sample Control Subjects: Bivariate Correlations Between Ape and EF Tests and the 
STT (N =10^ 
Age/COWA Age/DF Age/TTT Age/STT 
.47 .42 -.08 -.52 
Table 3 
Initial Sample CHI Subiects: Bivariate Correlations Between Age and EF Tests and the STT 
r N = i o ^  
Age/COWA Age/DF Age/TTT Age/STT 
-.15 .26 .16 .28 
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Table 4 
Initial Sample Emplovinent Status fN =20) 
Control Subjects 
1 machine maintenance worker in a large printing company 
1 heating and cooling repairman 
5 Mormon missionaries 
2 farmers 
1 VAMC police ofScer 
CHI Subjects 
I unemployed heavy skilled laborer, history s/p injury of serial employment, 
able to procure but not maintain enoployment. 
4 on disability related to head injury 
1 unemployed truck driver- considering a return to work 
2 unemployed seeking disability 
2 unemployed laborers 
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Table 5 
Initial Sample Kappa Statistic for Storv 1. Each Item bv Rater A/B 
rN = 201 
STT Rating Form Kappa Significance 
Item 1 1 .00001»* 
Item 2 .89 .00005" 
Item 3 .69 .001 
Item 4 .90 .001** 
Item S 1 .00001•» 
Item 6 .30 .13 
Item 7 1 .00001•* 
Item 8 .68 .002»» 
Item 9 .61 .002^» 
Item 10 1 .00001** 
Item 11 .61 .002*» 
Item 12 1 .00001•• 
Item 13 -.07 .73 
Item 14 ® 
Note. 
' (C^pa cannot be completed, since at least one rater gave all subjects the same score on the 
item. 
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Table 6 
Initial Sample Kappa Statistic for Storv 2. Each Item bv Rater A/^B (N - 20) 
STT Rating Form Kappa Significance 
Item 1 .78 .0002** 
Item 2 .70 .0009** 
Item 3 .44 .01** 
Item 4 .50 .009** 
Item 5 .85 .0001** 
Item 6 .78 .0004** 
Item 7 .80 .0002** 
Item 8 .65 .003** 
Item 9 1 .00001** 
Item 10 • 
Item 11 1 .00001** 
Item 12 -.07 .73 
Item 13 -.05 .81 
Item 14' 
Note. **E<.01. 
Kappa cannot be completed, since at least one rater gave all subjects the same score on the 
item. 
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Table 7 
Initial Sample Kappa Statistic for Storv 3. Each Item bv Rater A/B (N = 20) 
STT Rating form Kappa Significance 
Item 1 .90 .00005** 
Item 2 .78 .0003** 
Items .88 .00007** 
Item 4 .77 .0003** 
Items .82 .0001** 
Item 6 .89 .00005** 
Item? .80 .0002** 
Items .76 .0006** 
Item 9 .76 .0006** 
Item 10 1 .00001** 
Item 11 1 .00001** 
Item 12 1 .00001** 
Item 13 1 .00001** 
Item 14 1 .00001** 
Note. **5<.01. 
Table 8 
Initial Sample STT Rating Form CoeflBcient Alpha Indices. rN = 20) 
14 Item Form 12 Item Form 
Story I rater A/rater B .87/.89 .87/.89 
Story 2 rater A/rater B .89/.89 .89/.89 
Story 3 rater A/rater B .87/.86 .89/.88 
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Table 9 
Initial Sample Tinkertov Test Scores Bv Group (N = 20^ 
Tinkertoy Control Control Job Status cm CHI Job Status 
score freq. freq. 
12 3 3 employed 1 1 disability 
11 3 3 empk)yed 0 
10 2 2 empbyed I 1 unemployed 
9 2 2 empk>yed 0 
8 0 2 1 unemp., 1 disab. 
7 0 0 
6 0 1 1 unemployed 
5 0 0 
4 0 2 I unemp., 1 disab. 
3 0 2 1 unemp., 1 disab. 
2 0 0 
I 0 0 
0 0 1 1 unemployed 
Note. Control subject score descriptive statistics: M = 10.7, SD = 1.16, Range = 9-12. 
CHI subject score descriptive statistics: M = 5.8, SD = 3.67, Range = 0-12. 
71 
Table 10 
Initial Sample Storv-Telling Scores Bv Group fN = 20) 
Story-Telling Control Control Job Status cm CHI Job Status 
score freq. freq 
12 1 1 employed 0 
II 4 4 employed 0 
10 2 2 employed I I disability 
9 1 1 employed I 1 disability 
8 1 1 employed 0 
7 0 0 
6 1 1 employed I 1 unemployed 
5 0 I I unemployed 
4 0 3 1 unemp., 2 disab. 
3 0 3 3 unemployed 
2 0 0 
1 0 0 
Note. Control subject score descriptive statistics; M = 9.9, SD = 1.792, Range = 6 - 12. 
CHI subject score descriptive statistics: M = 5.1, SD = 2.514, Range = 3-10. 
Table 11 
Initial Sample Storv-Telling Task Scores fN = 20") 
Indice Control cm 
M SD M SD t P 
Story 
Telling 
Score 
9.9 1.79 5.1 2.51 -4.754 .000»* 
Note.**p<.01 
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Table 12 
Initial Sampl** StanHardized COWA Scores (N = 20) 
Indice Control CM 
M SD M SD t P 
COWA 
Scores 103 11.1 93.7 14.3 -1.7 .11 
Table 13 
Initial Sample Design Fluency Scores rN - 20t 
Indice Control CHI 
M SD M SD t P 
Design 
Fluency 13.6 2.9 7.3 3.6 -4.4 .01** 
Note.**p<.01 
Table 14 
Initial Sample Tinkertov Test Scores (N = 20) 
Indice Control cm 
M SD M SD t P 
Tinkertoy 
Toy 10.7 1.2 S.8 3.7 -4.02 .01** 
Note.**p<.01 
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Table 15 
Initial Sample Control Subjects EF Test and STT scores. (N=10) 
Control Subject COWA DF TTT STT 
1 101 pass 14 pass 9 pass 11 pass 
2 110 pass 12 pass 9pass 9 pass 
3 108 pass 15 pass 12 pass 10 pass 
4 93 pass 10 pass 10 pass 8 pass 
5 111 pass 13 pass 11 pass 11 pass 
6 80 borderline 10 pass 11 pass 10 pass 
7 lOS pass 12 pass 10 pass 12 pass 
8 116 pass 17 pass 12 pass 6 ^ 
9 95 pass 19 pass 12 pass 11 pass 
10 113 pass 14 pass 11 pass 11 pass 
Table 16 
Initial Sample CHI Subjects EF Test and STT Scores. rN=10) 
CHI Subject COWA DF TTT STT 
1 87 pass 5 &il 6M 3&U 
2 113 pass 3fail 4 &i] 4 M 
3 77 borderline 10 pass 8 pass 5&il 
4 109 pass 4 4 fiul 4 &0 
5 84 pass 9 pass 10 pass 3&il 
6 70faa 9 pass 3faU 10 pass 
7 93 pass 6 M 8 pass 4&il 
8 108 pass 15 pass 12 pass 9 pass 
9 101 pass im OM 3M 
10 95 pass 5M 3 £ul 6 fail 
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Table 17 
Initial Sample Partial Correlations Between Tests of Executive Function and STT Controlling 
for Age fN = 20") 
Test 12 3 4 
1. COWA J3 AS .10 
2. DP -- .11** M** 
3. TTT - .45» 
4. STT 
Note. *p<.05. **E<.01. 
Table 18 
fnitial Sarripie Bivariate Pearson Correlations Between Tests of Executive Function and the 
STT. rN = 201 
Test 12 3 4 
1. COWA 26 32 .16 
2. DP - .19** .1\** 
3. TTT - .56* 
4. STT 
Note. *p<.OS. **g<.01. 
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Table 19 
Initial Sample Logistic Regression for Group With Variable Age fN = 20^ 
Variable B S.E. r Odds Ratio 
Age .15 .06 9.55»» .86 
Note. **]j<.01. 
Table 20 
Initial Sample Classification Table for Group bv Age fN = 20) 
Observed 
0 
1 
Predicted 
0 1 
0 
1 
8 2 
2 8 
Overall 
Percent 
Correct 
80.00% 
80.00% 
80.00% 
Note. Cut value = .50 
Table 21 
Initial Sample Logistic Regression for Group With Variable COWA (N = 20) 
Variable B x] Odds Ratio 
COWA .06 .04 2.85 1.07 
Table 22 
Initial Sample Classification Table for Group bv COWA fN = 20) 
Observed 
0 
I 
[Predicted 
0 1 
0 
1 
Overall 
Percent 
Correct 
60.00% 
70.00% 
65.00% 
Note. Cut value = .50 
Tabk23 
Initial Sample Logistic Repression for Group With Variable Design Fluency fN = 20^ 
Variable B S.E. Odds Ratio 
Design Fluency ^61 ^26 13.33** 1.84 
Note. **g<.OI. 
Table 24 
Initial Sample Classification Table for Group bv Design Fluency fN = 201 
Obseryed 
0 
1 
Predicted 
0 1 
0 
1 
9 1 
2 8 
Overall 
Percent 
Correct 
90.00% 
80.00% 
85.00% 
Note. Cut value = .50 
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Table 25 
Initial Sample Logistic Regression for Group With Variable Tinkertov Test (N = 20) 
Variable B S£. X Odds Ratio 
Tinkertoy Test .81 .39 n.ii** 2.25 
Note. ••p<.01. 
Table 26 
Initial Sample Classification Table for Group bv Tinkertov Test fN = 20) 
Observed 
0 
1 
Predicted 
0 I 
0 
I 
8 2 
2 
00 
Overall 
Percent 
Correct 
80.00% 
80.00% 
80.00% 
Note. Cut value = .50 
Table 27 
Initial Sample Logistic Regression for Group With Variable Storv-Telling fN = 20) 
Variable B S.E. x] Odds Ratio 
Story-Telling 74 28 13.84** 2.10 
Note. **£<.01. 
Table 28 
Initial Sample Classification Table for Group bv Storv-Tellinp = 20) 
Observed 
0 
1 
Predicted 
0 I 
0 
1 
8 2 
1 9 
Overall 
Percent 
Correct 
80.00% 
90.00% 
85.00% 
Note. Cut value = .50 
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Table 29 
Initial Sample Results of Logistic Regression of Executive Function tests (N = 20) 
Variable B S.E. 7" Odds Ratio 
Block 1 14.78** 
COWA .04 .07 1.04 
DF .27 .37 1.31 
TTT .44 .50 1.55 
Block 2 4.17* 
STT .74 .44 2.09 
Block I & 2 18.96 
COWA .05 .08 1.05 
DF -.11 .41 .90 
TTT .53 .52 1.70 
Note. *p < .05. **p<.01. 
Table 30 
Initial Samole Classification for Block 1 and Block 2 of Loeistic Reeression with COWA. 
DF.TTT.andtheSTT.fN = 20} 
PredKted 
Observed 0 I Percent 
Correct 
0 0 9 1 90.00% 
1 1 0 10 100.00% 
Overall 95.00% 
Note. Cut value = .50 
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Table 31 
Cross Validation Sample Subject Demographics (N - 20) 
Indices Control cm 
iM SD M SD t P 
FSIQ 109.2 11.04 104.2 14.27 .88 .39 
VIQ 106.2 7.74 104.7 12.37 .33 .75 
PIQ 111 13.42 102.8 17.04 1.20 .25 
Siml. 10.2 1.32 10.2 2.25 .00 1 
(scaled) 
Educ. yrs. 13.10 .74 12.4 2.46 .86 .40 
Age yrs. 31.90 15.6 46.5 14.58 -2.16 .04* 
Note, •p <.05 
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Table 32 
Cross Validation Sample Control Subjects: Bivariate Correlations Between Age and EF Tests 
and the STT (N =10) 
Age/COWA Age/DF AgeAlI Age/STT 
.21 -.23 -.26 -.27 
Table 33 
Cross Validation Sample CHI Subjects: Bivariate Correlations Between Age and EF Tests and 
the STTfN = 10'> 
Age/COWA Age/DF Age/TTT Age/STT 
-.22 -.40 -.27 -.10 
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Table 34 
Cross Validation Sample Employment Status OJ =20^ 
Control Subjects 
1 full-time resident counselor in a treatment center for boys 
I full-time firmer 
4 Mormon missionaries 
1 self-employed, erects industrial shelving and conveyor systems 
2 VAMC police officers 
1 convenience store cashier 
CHI Subjects 
1 medical retirement at age 44 from the postal service s/p head injury 
1 retired not seeking employment 
1 retired with history s/p injury of difScult>' maintaining employment 
1 disability related to head injury 
1 currently unemployed with history notable for serial employment, able 
to procure but not maintain employment 
1 unemployed seeking disability 
1 unemployed seeking employment 
2 unemployed in vocational rehabilitation program 
1 employed door to door brush sales 
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Table 35 
Cross Validation Sample Kappa Statistic for Storv 1. Each Item bv Rater A/B 
n^=20) 
Story-Telling Rating Form (Cappa Significance 
Item 1 * 
Item 2 .77 .00** 
Item 3 -.09 .50 
Item 4 .79 .00** 
Items .52 .01** 
Item 6 .35 .04* 
Item? .47 .03* 
Item 8 .83 .00** 
Item 9 -.08 .67 
Item 10 .46 .02* 
Item 11 .89 .00** 
Item 12' 
Note. *p<.OS. ••e<.01. 
* Kappa cannot be calculated, since at least one rater gave all subjects the same score on the 
iteoL 
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Table 36 
Cross Validation Sample Kappa Statistic for Storv 2. Each Item bv Rater A/B 
fN = 2Q^ 
Story-Telling Rating Form Kappa Significance 
Item 1" 
Item 2 .63 .00«» 
Item 3 -.09 .55 
Item 4 .55 .00** 
Item 5 .07 .69 
Item 6 -.07 .73 
Item 7 .32 .11 
Item 8 .44 .05* 
Item 9 -.09 .61 
Item 10 .64 .00** 
Item 11 .24 .10 
Item 12' 
Note. *p<.05. •*E<.01. 
* Kappa cannot be completed, since at least one rater gave all subjects the same score on the 
itenL 
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Table 37 
Cross Validation Sample Kappa Statistic for Storv 3. Each Item bv Rater A/B 
(N = 20) 
Story-Telling Rating Form Kappa Significance 
Item 1' 
Item 2 .49 .Ol** 
Item 3 .41 .02 
Item 4 .18 .16 
Item 5 .01 .95 
Item 6' 
Item 7 .49 .01»* 
Item 8 .64 .OO^* 
Item 9 * 
Item 10' 
Item 11" 
Item 12' 
Note. 
" Kappa cannot be completed, since at least one rater gave all subjects the same score on the 
item. 
Table 38 
Cross Validation Sample Storv-Telling Rating Form CoeflScient Alpha Indices 
rN = 20^ 
12 Item Story-Telling Rating Form 
Story I rater A/rater B .80/.80 
Story 2 rater A/rater B .73/.72 
Story 3 rater A/rater B .82/.73 
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Table 39 
Cross Validation Sample Tinkertov Test Scores Bv Group (N = 20'> 
Tinkertoy 
score 
Control 
freq. 
Control Job Status CHI CHI Job Status 
freq. 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
4 
5 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 employed 
5 employed 
1 employed 
2 
2 
0 
1 
0 
I 
I 
1 
0 
1 
0 
1 
0 
1 ret., 1 voc. rehab. 
1 emp., 1 voc. rehab. 
1 unemployed 
1 med. retired 
1 disability 
1 unemployed 
1 unempk)yed 
1 unempk>yed 
Note. Control subject score descriptive statistics (N = 10): M = 11.30, SD = .67, 
Range 10 -12. 
CHI subject score descriptive statistics (N = 10); M = 7.70, SD = 3.92, Range =1-12. 
Table 40 
Cross Validation Sample Storv-Telling Task Scores (N = 20) 
Indice Control cm 
M SD M SD t P 
Story 
Telling 
Score 
10 1.15 8.5 1.96 -2.154 .045« 
Note.*p<.05 
Table 41 
Cross Validation Sample Storv-Telling Scores Bv Group (N = 20) 
Story-Telling Control Control Job Status cm CHI Job Status 
score freq. freq. 
12 I 1 employed 0 
11 2 2 employed 2 2 unemployed 
10 4 4 employed * 1 retired, 1 employed 
9 2 2 employed 1 I med. retired 
8 1 1 empk)yed 1 1 voc. rehab. 
7 0 — 2 2 unemployed 
6 0 — *> 1 disab.. 1 voc. rehab. 
5 0 —— 0 
4 0 ——- 0 
3 0 0 
2 0 0 
1 0 0 
Note. Control subject score descriptive statistics (N = 10): M = 10.0, SD - 1.15, 
Range = 8-12. 
CHI subject score descnptive^statistics (N = 10); M = 8.50, SD = 1.96, Range = 6-11. 
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Table 42 
Cross Validation Sample rnWA Scores fN = 20) 
Indice Control cm 
M SD M SD t P 
COWA 
Scores 107 6.2 91 11.9 -3.8 .01»* 
Note.**p<.Ql 
Table 43 
Cross Validation Sample Design Fluency Scores fN = 201 
Indice Control cm 
M SD M SD t P 
Des^ 
Fluency 14.7 6.1 10.9 5.2 -1.5 .15 
Note.**p<.01 
Table 44 
Cross Validation Sample Tinkertov Test Scores fN = 20) 
Ifldife Control cm 
M SD M SD t P 
Tinkertoy 
Toy 11.3 .67 7.7 3.9 -2.9 .Ol** 
Note.**p<.01 
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Table 45 
Cross Validation Sample Control Subjects EF Test and STT Scores. fN=lQ') 
Control Subject COWA DF TTT STT 
I 111 pass 14 pass 12 pass 11 pass 
2 111 pass 30 pass 12 pass 11 pass 
3 108 pass 12 pass 12 pass 12 pass 
4 114 pass 20 pass 11 pass 10 pass 
5 101 pass 11 pass 11 pass 10 pass 
6 107 pass 12 pass 12 pass 11 pass 
7 93 pass 12 pass 11 pass 9 pass 
8 104 pass 11 pass 11 pass 8 pass 
9 111 pass 15 pass 10 pass 10 pass 
10 110 pass 10 pass 11 pass 10 pass 
Table 46 
Cross Validation Sample CHI Subjects EF Test and STT Scores. (N=10) 
CHI Subject COWA DF TTT STT 
I 99 pass 14 pass 7M 9 pass 
2 87 pass 16 pass 6 fail 6&il 
3 12 m 3&il 3M 7M 
4 108 pass 9 pass 9 pass 11 pass 
5 72 Ml 3fail IM 7feil 
6 99 pass 15 pass 12 pass 10 pass 
7 98 pass 11 pass 5&il 11 pass 
8 98 pass 7 fail 12 pass 8 pass 
9 88 pass 17 pass 11 pass 6M 
10 88 pass 14 pass 11 pass lOpass 
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Table 47 
Cross Validation Sample Partial Correlations Between Tests of Executive Function and STT 
Controlling for Age (N = 20'> 
Test 12 3 4 
1. COWA - .44 .68** .66** 
2. DF - .40 -.04 
3. TTT - .36 
4. STT 
Note. •*E<.01. 
Table 48 
Cross Validation Sample Bivariate Pearson Correlation Between Tests of Executive Function 
nM = 2Q^ 
Test 12 3 4 
1. COWA - .51* .12** .10** 
2. DF - .51* .10 
3. TTT - .44* 
4. STT 
Note. •b<.05. •*£<.01. 
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Table 49 
Cross Validation Sample Logistic Regression for Group With Variable Age 
(N = 20^ 
Variable B S^R^ Odds Ratio 
Age -^06 ^3 4.40* .9^ 
Note. *2<.05. 
Table 50 
Cross Validation Sample Classification Table for Group bv Age (N - 20) 
Predicted 
Observed 
0 
1 
0 
0 
1 
Overall 
Percent 
Correct 
70.00% 
70.00% 
70.00% 
Note. Cut value - .50 
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Table 51 
Cross Validation Sample Logistic Regression for Group With Variable COWA 
rN = 20^ 
Variable B Odds Ratio 
COWA JO 12.39** 1.26 
Note. * e<.05 **£<.01. 
Table 52 
Cross Validation Sample Classification Table for Group bv COWA (N = 20) 
Observed 
0 
1 
0 
1 
Predicted 
0 1 
9 I 
1 9 
Overall 
Percent 
Correct 
90.00% 
90.00% 
90.00% 
Note. Cut value = .50 
94 
Table 53 
Cross Validation Sample Logistic Repression for Group With Variable Design Fluency 
rN = 20) 
Variable B S.E. Odds Ratio 
Design Fluency 2.49 1.16 
Table 54 
Cross Validation Sample Classification Table for Group bv Design Fluency 
rN = 2Q^ 
Observed 
0 
1 
Predicted 
0 1 
0 
1 
5 5 
6 4 
Oyerall 
Percent 
Correct 
50.00% 
40.00% 
45.00% 
Note. Cut yalue = .50 
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Table 55 
Cross Validation Sample Logistic Regression for Group Whh Variable Tinker Tov Test (N = 
20} 
Variable B x? Odds Ratio 
TinkertoyTest .74 ^44 8.51** 2.10 
Note. **E<.01. 
Table 56 
Cross VaJiflatjon Sample Classification Table for Group bv Tinkertov Test 
n^ = 20^ 
Observed 
0 
1 
0 
1 
Predicted 
0 1 
6 4 
1 9 
Overall 
Percent 
Correct 
60.00% 
90.00% 
75.00% 
Note. Cut value = .50 
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Table 57 
Cross Validation Sample Logistic Regression for Group With Variable Storv-Telling Task 
= 20^ 
Variable B S^E^ Odds Ratio 
Stoiy-Telling ^62 34 424;; 1.86 
Note. *e<.05. 
Table 58 
Cross Validation Sample Classification Table for Group bv Storv-Telling W = 20) 
Observed 
0 
I 
0 
1 
Predicted 
0 1 
Overall 
Percent 
Correct 
60.00% 
70.00% 
65.00% 
Note. Cut value = .50 
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Table 59 
Cross Validation Sample Logistic Regression of Executive Function tests 
fN = 20^ 
Variable B S.E. 7^ Odds Ratio 
Block 1 
COWA .23* .12 1.26 
DF .14 .26 1.15 
TTT .82 .66 2.28 
Bk>ck2 .02 
STT -.09 .66 .91 
Block 1 & 2 15.89*» 
COWA .24 .15 1.27 
DF .14 .26 1.15 
TTT .82 .65 2.26 
Note. *p < .05. ••p<.01. 
Table 60 
Cross Validation Samnle Classification for Block 1 and Block 2 of Logistic Regression with 
COWA. DF. TTT. and the STT fN = 20) 
Predated 
Observed 0 1 Percent 
Correct 
0 0 9 1 90.00% 
1 I 1 9 90.00% 
Overall 90.00% 
Note. Cut value = .50 
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Table 61 
Logistic Regression to Evaluate for Interaction Between the Samples and COWA 
rN = 4Ql 
Variable B SE Odds Ratio 
Block 1 11.94»* 
Sample .06 .74 1.06 
COWA .11** .04 1.11 
Block 2 3.30 
Interaction COWA -.17 .11 .84 
Note.** p< .01. 
Table 62 
Logistic Regression to Evaluate for Interaction Between the Samples and Design Fluency (N 
= 40^ 
Variable B S£ xl Odds Ratio 
Btock 1 12.22** 
Sampk! .63** .77 1.87 
Design Fluency .30** .11 1.35 
Bbck 2 3.59 
Interaction Design Fluency .46 .28 1.58 
Note. ** g<.01. 
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Table 63 
Logistic Regression to Evaluate for Interaction Between the Samples and the Tinkertov Test 
nsJ = 40i 
Variable B SE xi Odds Ratio 
Block 1 21.26** 
Sample 1.04 .94 2.82 
Tinkenoy .78** .29 2.18 
Block 2 .01 
Interaction Tinkertoy .07 .58 1.07 
Note.** i2< .01. 
Table 64 
Logistic Regression to Evaluate for Interaction Between the Samples and the Storv-Telling 
Task rN - 40^ 
Variable B S£ xl Qflds Ratio 
Btock 1 18** 
Sample 1.14 .90 3.14 
Story-Telling .70*» .22 2.00 
Block 2 .07 
Iitteraction Story-Telling .12 .45 1.13 
Note. ** p <.o" 
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Table 65 
Combined Samples Classification Table for Group bv COWA score. (N = 40) 
Pass Fail Percent 
Correct 
Control 19 1 95% 
CHI 16 4 20% 
Overall 58% 
Note, lowest passing score was a standardized "borderline" score of 82, with corrections 
made for gender, age, and education. 
Table 66 
Combined Samples Classification Table for Group bv Design Fluency score. (N = 40) 
Pass FaU 
Control 
CHI 
20 0 
11 9 
Overall 
Percent 
Correct 
100% 
45% 
73% 
Note, lowest passing score was 8 novel drawings. 
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Table 67 
Combined Samples Classification Table for Group bv Tinker Tov test Complexity score. (N 
40} 
Pass Fail Percent 
Correct 
Control 20 0 100% 
CHI 9 11 55% 
Overall 78% 
Note, lowest passing complexity score was 8. 
Table 68 
Combined Samples Classificaiion Table for Group bv Storv-Telling Task score. (N = 40> 
Pass FaU 
Control 
CHI 
19 1 
8 12 
Overall 
Percent 
Correct 
95% 
60% 
78% 
Note, lowest passing score was 8. 
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Table 69 
Combined Samples Classification Table For OveraU Performance On Established EF Measures 
COWA. Design Fluency. TIT . Bv Correct Group Placement. (N = 40) 
Pass All 3 Fail> I 
Control 
CHI 
19 1 
6 14 
Overall 
Percent 
Correct 
95% 
70% 
83% 
Table 70 
Combined Samples Classification Table For Overall Perfmmance On COWA. Design Fluency, 
rn. and STT Performance Rv Correct Group Placement. fN = 40) 
Pass All 4 Fafl>l 
Control 
cm 
18 2 
4 16 
Percent 
Correct 
90% 
Overall 
22 
85% 
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Table 71 
Combined Samples Classification Table For Overall Performance On The Fluency Tests 
COWA and Design Fluency. (N = 401 
Pass Both Fail> 1 
Control 
CHI 
19 1 
9 11 
OveraU 
Percent 
Correct 
95% 
55% 
75% 
Note. A "Borderline" COWA standard score of 77-82 is considered failing. 
Table 72 
Combined Samples Classification Table For Overall Performance On The Propositonal Tests. 
theTTTandSTT.fN = 401 
Pass Both Fail> 1 
Control 
CHI 
19 1 
6 14 
Overall 
Percent 
Correct 
95% 
70% 
83% 
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Table 73 
Combined Samples Partial Correlations Between Tests of Executive Function and STT 
Controlling for Aye (N = 40^ 
Test 12 3 4 
1. COWA .39** .25 
2. DF - .59** .39*» 
3. TTT - .46* 
4. STT 
Note. *p<.05. **i5<.0l. 
Table 74 
Combined Samples Bivariate Pearson Correlations Between Tests of Executive Function and 
the STT. fN = 40) 
Test 12 3 4 
1. COWA AS** .31 
2. DF -- .64** .46** 
3. TTT - .53** 
4. STT 
Note. *p<.05. ••g<.01. 
105 
REFERENCES 
Adams, J., Graham, D., Murray L. & Scott, G. (1982). Diffuse axonal injury due to 
nonmisssile head injury in humans: an analysis of 45 cases. Annak nf Neurology. 12. 557-
563. 
Aita, J.A., Reitan, R. M., & Ruth, J.M. (1947). Rorschach test as a diagnostic aid in 
brain injury. American Journal of Psychiatry. 103. 770-779. 
Arlien-Soborg, P. (1992). Solvent neurotoxicity. Boca Raton, Florida, CRC press. 
Army Individual Test Battery (1944). Mai^nal of directions and scnriny. Washington, 
D.C., War Department, Adjutant General's OfiBce. 
Baddeley, A., Delia Sala, S., Papagno, C., & Spinnler, H. (1997). Dual-task 
performance in dysexecutive and nondysexecutive patients with a frontal lesion. 
Neuropsychology. 11 (2^. 187-194. 
Bayless, J. (1986). Self-directed constructional performance in brain-iniured persons: 
evaluation of a proposed assessment technique for executive functions. Unpublished doctoral 
dissertation. University of Iowa, Iowa City, lA. 
Bayless, J., Vamey, N., & Roberts, R. (1989). Tinker toy test performance and 
vocational outcome in patients with closed-head injuries. Journal of Clinical and Experimental 
Neuropsychology. 11 (6), 913-917. 
Beck, S.S., Beck, A.G., Levitt, E.E., & Moiish, H.B. (1961). Rorschach's test. I: 
Basic processes (3"* ed.). New York: Grune & Stratton. 
Benton, A.L. (1968). Differential behavk)ral effects in frontal lobe disease. 
Neuropsvchologia. 6. 53-60. 
Berg, E.A.(1948). A sinq)le objective treatment for measuring flexibility in thinking. 
Journal of General Psychology. 39. 15-22. 
Body, R. & Parker, M. (1999). The use of multiple informants in the assessment of 
communkatwn after traumatic twain injury. In S. McI>onaki, L. Togher and C. Code (Eds.) 
rnmmunic^^^jon disorders foUowing traumatk; brain iniurv (pp. 1-14). East Sussex UK, 
Psychology Press. 
Bruckner, F.E. & Randle, A. P. (1972). Return to work after severe head injuries, 
mieumatotogy Medicine. 11.344-348. 
106 
Bowen, F. (1976). Behavioral alterations in patients with basal ganglia lesions. In 
M.D. Yahr (Ed.) The hasal ganglia Ncw York, Raven Press. 
Cassidy, J. (1994). Neuropathology. In J. Silver, S. Yudo&ky, & R. Hales (Eds.) 
Neuropsychiatry of traumatic brain iqjurv. Washington, D.C., American Psychiatric Press. 
Coleman, J.C. (1962). Abnormal psvcholopv and modem life (3"^ ed.). New York: 
Scott, Foreman, and Company. 
Cooper, K., Tabaddor, K., Hauser, A., Shulman, K., Feiner, C., & Factor, P. (1983). 
The epidemiology of head injury in the Bronx. Neuroepidemiologv. 2. 70-88. 
Courville, C. (1945). Pathology of the nervous system (2°'' ed.V Pacific Press 
Publications, 194S. 
Crawford, C. (1983). Social problems after severe head injury. New Zealand Medical 
JoumaL 96. 972-974. 
Cripe, L.I. (1996). The ecological validity of executive fiinction testing. In R.J. 
Sbordone & C.J. Long (Eds.) Ecological validity of neuropsvchnlngical testing. Delray Beach, 
FL.: GR Press/St. Lucie Press. 
Critchley, M., & Critchley, E.A. (1998). John Hughlings Jackson father of english 
neurology. New York: Oxford University Press. 
Damasio, A., R. (1994). Descartes' enor. New York: G.P. Putnam's Sons. 
Damasio. A.R. (1979). The frontal lobes. In K. Heilman & E. Valenstein (Eds.). 
Clinical neuropsvchotogv. New York: Oxford University Press. 
Damasio, A.R. & Anderson, S.W. (1993). The frontal k>bes. In K.M. Heilman & E. 
Valenstein (Eds) Clinical neuropsychology (3"* ed.). New York: Oxford University Press. 
Eslif^er, P. 7 Damasio, A.R. (1985). Severe disturbance of higher cognition after 
bilateral frontal lobe ablation. Neurotogv. 35. 1731-1741. 
Fahy, T., Irving, M., & Millac, P. (1967). Severe head injuries: a six year follow-up. 
Lancet. 2.475-479. 
Frederiksen, N. (1986). Toward a broader conception of human intelligence. 
American PsvchologisL 41.445-452. 
Goldstein, K. (1939). The organism. New York: American Book Company. 
107 
Goldstein, K. (19S2). The effect of brain damage on the personality. Psvchiatrv. IS 
(3), 245-260. 
Guilford, J.P. (1967). The nature of human intelligence. New York; McGraw-Hill. 
Halstead, W.C. (1947). Brain and intelligence. Chicago: University of Chicago Press. 
Harlow, J., M. (1868). Recovery from the passage of an iron bar through the head. 
Publicatiopg nf the Massachusetts Medical Societv. 2. 221 Al. 
Harlow, J., M. (1868). Passage of an iron rod through the head. Boston Medical and 
Surgical Jpiimal- 389. 
Hart, T., Schwartz, M., & Mayer, N. (1999). Executive function: some current 
theories and their applications. In N. Vamey & R. Roberts (Eds.) Evaluation and treatnoent of 
mild traumatic brain injury. New York: Lawrence Earlbaunt 
Hebb, D.O. (1942). The effect of early and late brain injury upon test scores, and the 
nature of normal aduh intelligence. Proceedings of the American Philosophical Societ\'. 85. 
275-292. 
Hecaen, H., & Albert, M. (1978). Human neuropsychology. New York, John Wiley 
and Sons. 
Henry, W. (1942). The Thematic Apperception Technique in the study of cultural-
personal relations. Genetic Monographs. 35. 3-135. 
Jefferson, J. (1976). Subtle neuropsychiatric sequelae of carbon monoxide 
intoxication. American Journal of Psvchiatrv- 133. 961-964 
Jennett, B. & Teasdale, G. (1981). Management of head injuries. F.A. Davis 
Company, Philadelphia, PA. 
Johnson, M. (1989). The economics of brain injury: A pre&ce. In Miner, M.E., and 
Wagner, K., A. (Eds.) Neurotrauma treatment, rehabilitation, and related issues. No. 3 (pp. 
163 • 183). Boston: Butterworths. 
Jones-Gotman, M., & Milner, B. (1977). Design fluency: The inventwn of nonsense 
drawings after focal cortical lesk)ns. Neuropsvchotogia. 15. 653-674. 
Kaplan, S., H. (1993). Behavioral science epklemiologv public health notes. Stanley 
Kaplan: USA. 
108 
iCraus, J., Black, M., Hessol, N., Ley, P., Rokaw, W., Sullivan, C., Bowers, S., 
Knowlton, S., & Marshall, L. (1984). The incidence of acute brain injury and serious 
in:q)ainnent in a defined population. American Journal of Epidemoloyv. 119. 186-201. 
Kraus, J., &Nouijah, P. (1989). The epidemiology of mild head injury. InH.S. 
Levin, Eisenberg, H.M., & Benton, A.L. (Eds.) Mild head injurv. (pp.8-22). 
Boston:Butterworths. 
Kraus, J., & Sorenson, S. (1994). Epidemiology. In J. Silver, S. Yudo&ky, S. Hales 
Eds.) Neuropsychiatry of traumatic brain injurv. Washmgton, D.C., American Psychiatric 
Press. 
Kurtzke, J. (1984). Neuroepidemiology. Annals of Neurology. 16.265-277. 
Levin. H.S. (1985). Outcome after head injury. Part II. Neurobehavioral recovery. 
In D.P. Becker & J.T. Povlishock (Eds.), Central nervous system trauma. Status report— 
1985. Washington, D.C.: National Institutes of Health. 
Levin, B., Benton, A., & Grossman, R. (1982). Neurobehavioral consequences of 
closed head injurv. New York, Oxford University Press. 
Lewis, R. & Kupke, T. (1977). Thg T Jifayette clinic repeatable neuropsychological 
test battery: its development and research applications. Paper presented at the annual meeting 
of the Southeastern Psychologkal Association, Hollywood, FL., May, 1977. 
Lezak. M. (1976). Neuropsychological assessment. New York: Oxford University 
Press. 
Lezak, M. (1982). The problem of assessing executive fimctions. International 
Journal of Psychology. 17. 281-297. 
Lezak, M. (1983). Neuropsychological assesianent. (2*^ ed). New York:Oxford 
Unix'ersity Press. 
Lezak, M. (1993). Newer contributwns to the neuropsychologkal assessment of 
executive functk>ns. Journal of Head Trauma Rehabilitation. 8(1). 24-31. 
Lezak, M. (1995). Neuropsvcholngicgl assessment (3"^ ed). New York: Oxford 
University Press. 
Lishman, W. (1973). The psychiatric sequelae of head injury: A review. 
Psvchotogkal Medicine. 3. 304-318. 
109 
Loring, D. W. (1999). TNS dictinnary of neuropsvchologv. New York: Oxford 
University Press. 
Lubin, B., Larsen, R. & Matarazzo, J.D. (1984). Patterns of test usage in the United 
States: 1935-1982. American Psvchologist. 39.451-454. 
Luria, A. R. (1966). Higher cortical fiinctions in maa (B. Haigh, trans). New York, 
Basic Books. 
Luria, A. R. (1973). The working brain: An introduction to neuropsychology. (B. 
Haigh, trans.). New York, Basic Books. 
Malcolm, C. (1993). T Tjnkertov test: valklitv and reliability of an executive 
fiinctinning measure. Unpublished doctoral dissenation, Boston University, Boston, MA. 
Martzke, J., Swan, C., & Varaey, N. (1991). Posttraumatic anosmia and orbital 
frontal damage: neuropsychological and neuropsychiatric correlates. Neuropsychology. 5. 
213-225. 
Matthews, C, & Klove, H.(1964). Instruction "V*f"** the aduh neuropsychology 
test battery. Madison, WI: University of Wisconsin Medkal School. 
Max, W., MacKenzie, E., & Rke, D. (1991). Head injuries: costs and consequences. 
Journal of Head Trauma Rehabilitation. 6. 76-91. 
McDonald, S., Togher, L., & Code, C. (1999). The nature of U:aumatk brain injury: 
Basic features and neuropsychok>gical consequences. In McDonaM, S., Togher, L., & Code, 
C. (Eds.) Communication disorders foUowing traumatic brain iniurv. East Sussex, UK, 
Psychok)gy Press Ltd. 
Muramoto, O., Kuru, Y., Sugishita, M., & Toyokura, Y. (1979). Pure memory loss 
with hippocampal lesions. A pneimioencephatographic study. Archives of Neurology. 36. 54-
56. 
Murray, H. A. (1943). Thematic apperception test manual. Cambridge, MA Harvard 
University Press. 
National Head Injury Foundation (1993). Interagency Head Injury Task Force 
Reports. Washington, E>C: National Institute of Neurobgk Disorders and Stroke, Natk>nal 
Institutes of Health. 
Nunnally, J., C. (1978). Psychometric theory <"2*^ Ed.V McGraw-Hill Book 
Company, New York. 
110 
Piotrowski, Z. (1937). The Rorschach inkblot method in organic disturbances of the 
central nervous system. Journal of Nervous and Mental Disorders. 86.525-S37. 
Porteus. S.D. (1959). The mayg test and clinical psvchologv. Palo Alto, CA: Pacific 
Books. 
Porteus, S.D. (1965). Pnrtens maye test fiftv vears' application. Palo Alto 
Calif. rPacific Books. 
Purdue Research Foundation (1948). Examiners manual for the purdue pegboard. 
Chicago: Science Research Associates. 
Rev, A. (1941). L'examen psychologique dans les cas d'encephalopathie traumatique. 
Archives de Psvchologie. 28 (112), 286-340. 
Roberts. M.A., Franzen, K.M., Furuseth, A., & Fuller, L. (1995). A developmental 
study of the tinker toy test: normative and clink:al observations. Applied Neuropsvchologv. 2. 
161-166. 
Roberts, R. J. (1999). Epilepsy spectrum disorder in the context of mikl traumatic 
brain injury. In N. R. Vamey, & R.J. Roberts (Eds.), The evaluation and treatment of mild 
traumatic brain injurv. Mahwah, New Jersey; Lawrence Erlbaum Associates. 
Ru£ R.M., Evans, R, & Marshall, L.F. (1986). Impaired verbal and figural fluency 
after head injury. Archives of Clinical Neuropsvchologv. 1. 87-101. 
Russell D. W. & Buckwaher K.C. (1991). Researching and evaluating model geriatric 
mental health programs, part II: measurement of outcomes. Archives of Psychiatric Nursing. 
5(2), 76-83. 
Sbordone, R.J., & Long, C.J. (1996). Ecotogical validity of neuropsychological 
testing. GR Press/St. Lucie Press, Delray ileach FL. 
Shallice, T. & Burgess, P. (1991). Higher-order cognitive inq)airments and finntal 
lobe lesions in man. In H.S. Levin, H.M.Eisenberg, &A.L.Benton (Eds.), Frontal lobe 
functfon and dvsfimctfon. New York: Oxford University Press. 
Shrout, P.E., & Fleiss, J.L. (1979). Intraclass correlatk)ns: uses in assessing rater 
reliability. Psvchologfcal Bulletin. 86 (2). 420-428. 
Sirgti, A., ZaIla, T., Pillon, B., Grafinan, J., Dubois, B., and Agkl, Y. (1995). Planning 
and script analysis following prefrontal lobe lesnns. Annals of the New York Academy of 
Sciences. 769. 277-288. 
Ill 
Spreen, O., & Benton, A. (1977). Neurosensory center comprehensive examination 
for aphasia. Victoria, B.C.: University of Victoria Neuropsychology Laboratory. 
Spreen, O., & Strauss, E. (1998). A compendium nf neuropsychological test 
administration, norms, and commentary. (Z"** ed.) New York, Oxford University Press. 
Stein, M. (1955). The thematic apperception test an introductnrv mannal fnr clinicai 
use with aduhs (Rev. ed.). Reading, MA: Addison-Wesley. 
Stroop, J.R. (1935). Studies of interference in serial verbal reactions. Journal of 
Experimental Psychology. 18.643-662. 
Stuss, D., & Benson, F. (1984). Neuropsychological studies of the frontal lobes. 
Psychological Bulletin. 95.3-28. 
Stuss, D., & Benson, F. (1986). The frontal lobes. New York: Raven. 
Thurstone, L.L. & Thurstone, T.G. (1962). Primary mental abilities. (Rev.). Chicago: 
Science Research Associates. 
Tsushima, W. & Towne, W. (1979). Efifects of paint sniffing on neuropsychological 
test performance. Journal of Abnormal Psychology. 86.402-407. 
U.S. Department of Health and Human Services (1989). Interagency Head Injury 
Task Force Report. In (1994) S. Yudof^ and R. Hales (Eds.^ The american psvchiatric 
press textbook of neuropsychiatry. (3rd Ed.). Washington D.C., American Psychiatric Press. 
Vamey, N., R.(I999). Posttraumatic anosmia and orbital frontal injury. In N. R. 
Vamey, & R.J. Roberts (Eds.), The evaluation and treatment of mild traumatic brain iniurv. 
Mahwah, New Jersey; Lawrence Eribaum Associates. 
Vamey, N., R. & Menefee (1993). Psychosocial and executive deficits foik>wing 
ck)sed head injury: implications for orbital frontal cortex. Journal of Head Trauma 
Rehabilitation. 8. 32-44. 
Vamey, N.,R. Roberts, R., J. Struchen, M., Hanson, T., Franzen K., and Connell, S. 
(1996). Design fluency among nnnnals and patients with closed head iqjurv. 11 (AY 345-353. 
Wang, P. (1987). Concept formatwn and frontal k>be function: The search for a 
clinical frontal k>be test. In E. Perecman, (Ed.), The frontal lobes revisited. New Jersey: 
Lawrence Eribaum Associates, Publisher. 
112 
Walsh, K.W. (1978). Frontal lobe problems. In G. V. Stanley & K.W.Walsh (Eds.), 
Brain impairment: Proceedings of the 1976 brain impairment workshop. Parkville, Victoria 
Australia: Neuropsychology Group, Dept. of Psychok)gy, University of Melbourne. 
Wang, C-C., Schoenberg, B., Li, S-C, Yang, Y-C., Cheng, X-M., & Bolis, L. (1986). 
Brain injury die to head trauma. Epidemiology in urban areas of the People's Republic of 
China. Archives of Neurology. 43. 570-572. 
Wechsler, D. (1981). WATS-R manual New York: The Psychological Corporation. 
Wilkinson, G. (1993). WRAT-3 Administratis*" Manual Delaware:Wide Range. 
Yudofsky, S., & Hales, R. (1994). The american psvchiatric press textbook of 
neuropsychiatry. Washington D.C., American Psychiatric Press. 
113 
ACKNOWLEDGEMENTS 
Many have contnbuted generously of their time, knowledge, and good will so that I might 
complete this dissertation. It is with deepest gratitude that I thank: 
The patients and volunteers at the VAMC Iowa City who agreed to participate and made this 
study possible. 
My committee, especially Oan Russell for sharing his technical expertise. Norm Scott for his 
guidance and support, and Paula Morrow a nurturing teacher and friend. 
Drs. Nils Vamey and Dick Roberts of the Iowa City VAMC where the STT began. They 
generously shared their expertise, and were the original "story-raters". Special thanks to 
Dick, "editor extraordinaire," as the data became a dissertatk>n. 
Drs. Kathleen Patterson and Jim Hastings of the Milwaukee VAMC who made my internship 
year a time of learning and joy. They went on to become my second set of "story-raters" and 
a source of support and good cheer while I finished the project. 
My parents and extended famUy who provided childcare when 1 worked to meet dissertation 
deadlines. Knowing Elle was having fun with "Grandmama and Papa" or her "sister-cousins" 
made it easier to get my work done. 
Diane Baumbach and Morrie Adams, wise and caring mentors who remembered how long I 
had wanted this degree. In addition to their grace and encouragement, they gave me a sunny 
quiet ofSce where I could work, think, be. 
Bui and Gabrielle, my "Bui femily", who loved me and dkl with less while 
.. MomnQT works her Pee H Deeee in Sigh-Cow-Gee." 
